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of a dynamo by the mechanical energy absorbed by it. This only 
includes the energy available in the outer circuit, for doing useful 
work. | Cae 


Dynamo, Compound. A compound wound dynamo ; one which 

_— has two coils on its field magnet; one 
winding is in series with the external 
circuit and armature ; the other wind- 
ing is in parallel with the armature 
winding, or else with the armature 
winding and field winding, both in 
series. (See Winding, Long Shunt— 
Winding, Short Shunt.) 


Such a dynamo is, to a certain ex- 
tent, self-regulating, the two coils 
counteracting each other, and bringing 
about a more regular action for varying 





or series dynamo. 


| The extent of the regulation of such 

Fig. 136. Comrounp Wound a machine depends on the proportions 

Deane: given its different parts. | However 

good the self-regulating may be in a compound wound machine, it 
can only be perfect at one particular speed. 

To illustrate the principle on which the approximate regulation 

is obtained the characteristic curve diagram may be consulted. 





x 


Fig. 137. Curves oF SERIES AND SHuNT WINDINGS SUPERIMPOSED. 


One curve is the curve of aseries winding, the other that of a 
shunt winding, and shows the variation of voltage in each with 
iesistance in the external or working circuit. The variation 1s 


currents than that ofthe ordinary shunt - 
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opposite in each case. It is evident that the two windings could be 
so proportioned on a compound machine that the resultant of the 
two curves would be a straight liné. This regulation would then be 
perfect and automatic, but only for the one speed. 


Dynamo, Direct Current. A dynamo giving a current of un- 
varying direction, as distinguished from an alternator or alternating 
current dynamo. 


Dynamo, Disc. A dynamo with a disc armature, such as Paci- 
notti’s disc, q. v. (Seealso Disc, Armature.) The field magnets 
are disposed so that the disc rotates close to their poles, and the 
poles face or are opposite to the side or sides of the disc. The active 
leads of wire are those situated on the face or faces of the disc. 





Fig. 138. PotecuKo’s Disc Dysamo. 


Dynamo-electric Machine. A machine driven by power, gen- 
erally steam power, and converting the mechanical energy 
expended on driving it into electrical energy of the current form. 
The parts of the ordinary dynamo may be summarized as follows: 
First, A circuit as complete as possible of iron. Such circuit is’ 
composed partly of the cores of an electro-magnet or of several 
electro-magnets, and partly of the cylindrical or ring-shaped core of 
an armature which fits as closely as practicable between the magnet 
ends or poles which are shaped so as to partly embrace it. Second, 
of coils of insulated wire wound upon the field-magnet cores. 
When these coils are excited the field-magnets develop polarity, 
and the circuit just spoken of becomes a magnetic circuit, inter- 
rupted only by the air gaps between the poles and armatures. 
Thirdly, of coils of insulated wire upon the armature core. These 
coils when rotated in the magnetic field cut magnetic lines of force 
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and develop electro-motive force. Fourthly, of collecting mechan- 
ism, the commutator in direct current dynamos, attached to the 
armature shaft and rotating with it. This consists of insulated 
rings, or segments of rings to which the wire coils of the armature 
are connected, and on which two springs of copper or plates of car- 
bon or some other conductor presses. The electro-motive force 


developed by the cutting of lines of force, by the wires of the - 


armature, shows itself as potential difference between the two 
springs. If the ends of a conductor are attached, one to each of 
these brushes, the potential difference will establish a current 
through the wire. By using properly divided and connected seg- 
ments on the commutator the potential difference and consequent 
direction of the current may be kept always in the same sense or 
direction. It is now clear that the external wire may be connectec 
- with the windings of the field-magnet. In such case the excite- 
ment of the field-magnets is derived from the armature and the 
machine is self-excited and entirely self-contained. — 


The above is a general description of a dynamo. Sometimes 
the coils of the field-magnets are. not connected with the arma- 
ture, but derive their current from an outside source. Such are 
termed separately excited dynamos. eae aa 


Some general features of dynamo generators may be seen in the 
definitions under this head and elsewhere. ‘The general conception 
is to cut lines of force with a conductor and thus generate electro- 
motive force, or in some way to change the number of lines of 
force within a loop or circuit with the same effect. 


Dynamo, Electroplating. A dynamo designed for low poten- 
tial and high current intensity. They are wound for low resistance, 
frequently several wires being used in parallel, or ribbon, bar or rect- 
angular conductors being employed. They are of the directcurrent 
type. They should beshunt wound or they are liableto reverse. They 
are sometimes provided with resistance in the shunt, which is 
changed as desired to alter the electro-motive force. 


Dynamo, Equalizing. A combination for three and five-wire 
systems. A number of armatures or of windings on the same 
shaft are connected across the leads. If the potential drops at any 
pair of mains, the armature will begin to be driven by the other 
mains, acting to an extent as an element of a motor, and will raise 
the potential in the first pair. 3 


Dynamo, Far Leading. A motor dynamo, used to compensate 
the drop of potential in long mains. Into the mains ata distant 


point a series motor is connected, driving a dynamo placed in’ 


shunt across the mains. ‘The dynamo thus driven raises the poten- 
tial difference between the two mains. 
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Dynamograph. A printing telegraph in which the message is 
printed at both transmitting and receiving ends. 


Dynamo, Inductor. A generator in which the armature or cur- 
rent-generating windings are all comprised upon the poles of the 
field magnets. Masses of iron, which should be laminated and are 
the inductors, are carried past the field magnet poles concentrating 
in their passage the lines of force, thus inducing currents in the 
coils. In one construction shown in the cut the field magnets @, a 
- - are U shaped and are arranged in a circle, their poles pointing 
inwards. A single exciting coil c, ¢* * * is wound around the circle 
in the bend of the U-shaped segments. The poles carry the arma- 
ture coils €,é°"* The laminated inductors 7,7 °° * are mounted 
on a shaft S, by spiders /, to be rotated inside the circle of magnets, 
thus generating an alternating current. 3 


Synonym—tinductor Generator. 
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Fig. 139. Inpuctor Dynamo. 


Dynamo, Interior Pole. A dynamo with a ring armature, with 
field magnet pole pieces which extend within the ring. ; 
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Dynamo, Iron Clad. A dynamo in which the iron of the field 
- magnet is of such shape as to enclose the field magnet coils as well 
as the armature. 


Dynamometer. A device or apparatus for measuring force applied, 
or rate of expenditure of energy by, or work done in a given time 
by a machine. A common spring balance can be used as a force 
dynamometer, viz: to determine how hard a man is pulling and 
the like. The steam engine indicator represents an energy-dyna- 
mometer of the graphic type, the instrument marking an area 
whence, with the aid of the fixed factors of the engine, the work 
done may be determined. Prony’s Brake, q. v., is atype of the 
friction dynamometer, also of the energy type. In the latter type 
during the experiment the whole power must be turned on or be 
expended on the dynamometer. 


Dynamo, Motor. A motor dynamo is a machine for (@) con- 
verting a continuous current at any voltage to a continuous current 
of different strength at a different voltage or for (6) transforming a 
continuous current into an alternating one, and wice versa. 


For the first type see 7vansformer, Continuous Current, for the 
second type see 7ransformer, Alternating Current. 


Dynamo, Multipolar. A dynamo having a number of field 
magnet poles, not merely a single north and a single south pole. 
The field magnet is sometimes of a generally circular shape with 
the poles arranged radially within it, the armature revolving 
between the ends. ~ 


Dynamo, Non-polar. A name given by Prof. George Forbes to 
a dynamo invented by him. In it a cylinder of iron rotates within 
a perfectly self-contained iron-clad field magnet. The current 
is taken off by brushes bearing near the periphery, at two 
extremities of a diameter. A machine witha disc 18 inches in 
diameter was said to give 3,117 amperes, with 5.8 volts K. M. F. 
running at 1,500 revolutions per second. The HK. M. F. of such 
machines varies with the square of the diameter of the disc or 
cylinder. : 


Dynamo, Open Coil. A dynamo the windings of whose arma- 
tures nay be grouped in coils, which are not connected in series, 
but which have independent terminals. These terminals are 
separate divisions of the commutator and so spaced that the collect- 
ing brushes touch each pair belonging to the same coilsimultaneously. 


As the brushes come in contact with the sections forming the ter- - 


minals they take current from the coil in question. This coil is 
next succeeded by another one, and so on according to the number 
of coils employed. 


Dynamo, Ring. A dynamo the base of whose field magnets is a 
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ring in general shape, or perhaps an octagon, and with poles 
projecting inwardly therefrom. ; 


Dynamo, Coupling of. Dynamos can be coupled exactly like 
patteries and with about the same general results. An instance of 
series coupling would be given by the dynamos in the three wire 
system when no current is passing through the neutral wire, and 
when the lamps on each side of it are lighted in equal number. 


Dynamo, Self-exciting. A dynamo which excitesits own field. 
The majority of dynamos are of this construction. Others, espe- 
cially alternating current machines, are separately excited, the 
field magnets being supplied with current from a separate dynamo 
or current generator. 


Dynamo, Separate Circuit. A dynamo in which the field 
magnet coils are entirely disconnected from the main circuit, and 
in which current for the field is supplied by special coils carried 
for the purpose by the same armature, or by a special one, in either 
case a special commutator being provided to collect the current. 


Dynamo, Separately Excited. A dynamo whosefield magnets 
are excited by a separate current generator, such. as a dynamo or 
even a battery. Alternating current dynamos are often of this 
construction. Direct current dynamos are not generally so. The 
term is the opposite of self-exciting. 





Fig. 140. Series Dynamo. 


Dynamo, Series. A dynamo whose armature, field winding, 
and external circuit are all in series. 
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In such a dynamo short circuiting or lowering the resistance of 
the external circuit strengthens the field, increases the electro-mo- 
tive force-and-current strength and may injure the winding by 

_ heating the wire, and melting the insulation. . 


Dynamo, Shunt. A dynamo whose field is wound in shunt 
~ with the external circuit. T'wo leads are taken from the brushes ; 
one goes around the field magnets to excite them ; the other is the 
external circuit. } | 
In such a dynamo the lowering of resistance on the outer circuit 
takes current from the field and lowers the electro-motive force of 
the machine. Short circuiting has no heating effect. 





Fig. 141. SHunr DyNAmo. 


Dynamo, Single Coil. A dynamo whose field magnet is 

,excited by a single coil. Several such have been constructed, with 

different shapes of field magnet cores, in order to obtain a proper 
distribution of poles. | 


Dynamo, Tuning Fork. A dynamo in which the inductive or 
armature coils were carried at the ends of the prongs of a gigantic 
tuning fork, and were there maintained. in vibration opposite 
the field magnets. It was invented by T. A. Edison, but never 
was used. : 


Dynamo, Uni-polar. A dynamo in which the rotation of a 
conductor effects a continuous increase in the number of lines cut, 
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by, the device of arranging one part of the conductorto‘slide.on. or 
around the magnet. (S. P. Thomson.) Faraday’sdisc isthe=earliest 
machine of this type. 
Dyne. The C.G.S. or fundamental unit of force. It is the 
force which can impart an acceleration of one centimeter per 
second to a mass of one gram inone second. It is equal to about 
1-981 the weight of a gram, this weight varying with the latitude. © 


Earth. (a) The earth is arbitrarily taken as of zero electrostatic 
potential. Surfaces in such condition that their potential is un- 
changed when connected to the earth are said to be of zero poten- 


‘ tial. All other surfaces are discharged when connected to the 


earth, whose potential, for the purposes of man at least, never 
changes. | 

(6) As a magnetic field of force the intensity of the earth’s field 
is about one-half a line of force per square centimeter. 


(c) The accidental grounding of a telegraph line is termed an’ 
earth, as a dead, total, partial, or intermittent earth, describing the 
extent and character of the trouble. 


Earth, Dead. A fault, when a telegraph or other conductor is 
fully connected to earth or grounded at some intermediate point. 


Synonyms—Solid Earth—Total Earth. 4 


Earth, Partial. A fault, when a telegraph or other conductor 
is imperfectly connected to earth or grounded at some intermediate © 
point. : 


Earth Plate. A plate buried in the earth to receive the ends of 
telegraph lines or other circuits to give a ground, q. v.. A copper 
plate is often used. A connection to a water or gas main gives an. 
excellent ground, far better than any plate. When the plate oxidizes - 
it is apt to introduce resistance. = 


Earth Return. The grounding of a wire of acircuit at both 
ends gives the circuit an earth return. 


Earth, Swinging. A fault, when a telegraph or other conduc- 
tor makes intermittent connection with the earth. Itis generally 
attributable to wind action swinging the wire, whence the name. 


Ebonite. Hard vulcanized India rubber, black in color. Specific 
resistance in ohms per cubic centimeter at 46° C. (115° F.):- 34 X 
to (Ayrton); specific inductive capacity, (air = 1): 2.56 (Wull- 
ner); 2.76 (Schiller); 3.15 (Boltzmann). It is used in electrical 
apparatus for supporting members such as pillars, and is an excel- 
lent material for frictional generation of potential. Its black coler 
gives it its name, and is sometimes made a point of distinction from 
Vulcanite, q. v- : 
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Economic Coefficient. The coefficient of electric efficiency. 
(See ficiency, Electric.) - 


Edison Effect. A continuous discharge resulting in a true cur- 
rent which takes place between a terminal of an incandescent lamp 
filament and a plate placed near it. The lamp must be run at 
a definitely high voltage to obtain it. 


Ediswan. An ‘abbreviation for Edison-Swan ; the trade name 
of the incandescent lamp used in Great Britain, and of other 
incandescent system apparatus. 


Eel, Electric (Gymnotus Electricus). An eel capable of effecting 2 


the discharge of very high potential 
electricity, giving painful or dangerous 
shocks. Its habitat is the fresh water, 
in South America. Faraday investigated 
it and estimated its shock as equal to that 
from fifteen Leyden jars, each of 174 square 
feet of coating. (See Animal Electricity 
and Ray, Electric.) 


Effect, Counter-inductive. A counter- 
electro-motive force due to induction, and. 
opposing a current. 





Fig. 142. GyMNOTUS 


ELECTRICUS. Efficiency. ‘The relation of work done | 


to energy absorbed. A theoretically perfect machine would have the 
maximum efficiency in which the two qualities named would be 
equal to each other. Expressed by a coefficient, q. v., the efficiency 
in such case would be equal to 1. If a machine produced but half 
the work represented by the energy itabsorbed, the rest disappearing 
in wasteful expenditure, in heating the bearings, in overcoming the 
resistance of the air and in other ways, its efficiency would be 
expressed by the coefficient 4 or .5, or if one: hundred was the basis, 
by fifty per centum. ‘There are a number of kinds of efficiencies of 
an electric generator which are given below. 


Efficiency, Commercial. Practical efficiency of a machine, ob- 
tained by dividing the available output of work or energy of a 
machine by the energy absorbed by the same machine. Thus in 
a dynamo part of the energy is usefully expended in exciting the 
field magnet, but this energy is not available for use in the outer 
circuit, is not a part of the output, and is not part of the dividend. 


If Mrepresents the energy absorbed, and W the useful or avail- 
able energy, the coefficient of commercial efficiency is equal to 
W/M. Mis made up of available, unavailable and wasted (by 
Foucault currents, etc.,) energy. Calling available energy W, 
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unavailable but utilized.energy w, and wasted energy m, the 
expression for the coefficient of commercial efficiency becomes 


W | 
W+uw+m when M = W-+ w-+m 
Synonym—Net efficiency. | 


Efficiency, Electrical. Ina dynamo or generator the relation 
of total electric energy produced, both wasted and useful or avail- 
able to the useful or available electrical energy. Ifwe call W the 
useful electric and w the wasted. electric energy, the coefficient of 

WwW : 


eiectrical effiiciency is equal to 





W+w | : 
Synonyms—intrinsic Efficiency—Economic Coefficient—Coefh- 
cient of Electrical Efficiency. 


Efficiency of Conversion. In a dynamo or generator the 
relation of energy absorbed to total electric energy produced. Part 
of the electric energy isexpended in producing the field and in 
other ways. .Thusa generator with high efficiency of conversion 
may be a very poor one, owing to the unavailable electric energy 
which it produces. The coefficient of E/ficzency of Conversion 1s 
obtained by dividing the total electric energy produced by the 


-energy absorbed in working the dynamo. If M represents the 


energy absorbed, or work done in driving the dynamo or generator, 
W the useful electric, and w the wasted electrical energy, then the 


coefficient of efficiency of conversion is equal to W_+ Ww 


MO 
In the quantity M are included besides available (W) and unavaila- 
ble (w) electric energy, the totally wasted energy due to Foucault 
currents, etc., calling the latter m, the above formula may be given 
pV Soe ee 
| Wee ee) = 
This coefficient may refer to the action of a converter, q. v., in 
the alternating system. / 
Synonym—Gtoss Efficiency. 3 


Efficiency of Secondary Battery, Quantity. The coeffi- 
cient obtained by dividing the ampere-hours obtainable from a 
secondary battery by the ampere hours required to charge it. 


Efficiency of Secondary Battery, Real. The _ coefficient 
obtained by dividing the energy obtainable from a secondary battery 
by the energy absorbed in charging it. The energy is conven- 
iently taken in watt-hours and includes the consideration of the 
spurious voltage. (See Battery, Secondary.) 
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Efflorescence. ‘The appearence of a dry salt upon the walls of 
a vessel containing a solution above the normal water-line from 
evaporation of a liquid. It appears in battery jars and in battery 
carbons, in the latter interfering with the electrical connections, 
and oxidizing or rusting them. (See Creeping.) 


Effluvium, Electric. When a gas is made to occupy the position 
of dielectric between two oppositely electrified surfaces a peculiar 
strain or condition of the dielectric is produced, which promotes 
chemical change. The condition is termed electrical effuvium or 
the silent discharge. By an apparatus specially constructed to 
utilize the condition large amounts of ozone are produced. 


Synonym—Silent Discharge. 


Elastic Curve. A crude expression for a curve without projec- 
tions or sudden sinuosities; such a curve as can be obtained by 
bending an elastic strip of wood. 


Electrepeter. An obsolete name for a key, switch or pole 
changer of any kind. 


Elasticity, Electric. The phenomenon of the dielectric is 
described under thisterm. When a potential difference is established 
between two parts of the dielectric, a flow of electricity displace- 
ment current starts through the dielectric, which current is due to 
the electric stress, but.is instantly arrested by what has been 
termed the electric elasticity of the dielectric. This is expressed 

electric stress 
electricstrain 
to the specific inductive capacity. 


and in any substance is inversely proportional 


Electricity. It is impossible in the existing state of human 
knowledge to give a satisfactory definition of electricity. The 
views of various authorities are given here to afford a basis for 
arriving at the general consensus of electricians. 


We have as yet no conception of electricity apart from the elec- 
trified body ; we have no experience of its independent existence. 
eas (je gels Gordon.) 


What is Electricity? We do not know, and for practical pur- 
poses it is not necesssary that we should know. (Sydney F. 
Walker.) 


Hlectricity hoary nts ee is one of those hidden and 
mysterious powers of nature which has thus become known to us 
through the medium of effects. (Weale’s Dictionary of Terms.) 


This word Electricity is used to express more particularly the 
cause, which even to-day remains unknown, of the phenomena 
that we are about to explain. (Amédée Guillemin.) 
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“Blectricity is a powerful physical agent which manifests itself 
mainly by attractions and repulsions, but also by luminous and 
heating effects, by violent commotions, by chemical decomposi- 
tions, and many other phenomena. Unlike gravity, it is not in- 
herent in bodies, but it is evoked in them by a variety of causes 


(Ganot’s Physics. ) | 

Electricity and magnetism are not forms of energy ; neither are 
they forms of matter. They may, perhaps, be provisionally defined 
as properties or conditions of matter, but whether this matter be 
the ordinary matter, or whether it be, on the other hand, that all- 
pervading ether by which ordinary matter is surrounded, is a 

uestion which has been under discussion, and which now may be 
fairly held to be settled in favor of the latter view. (Daniell’s 
Physics.) oe | 
- ‘he name used in connection with an extensive and important 
class of phenomena, and usually denoting the unknown cause of the 
phenomena or the science that treats of them. (Imperial Dic- 
tionary.) ‘ 

Electricity . . is the zmponderable physical agent, 
cause, force or the molecular movement, by which, under certain 
conditions, certain phenomena, chiefly those of attraction and 
vepulsion, » » + + + * are produced. (John Angell.) 


It has been suggested that if anything can rightly be called 
‘ electricity,’’ this must be ¢he ether itself; and that all electrical 
and magnetic phenomena are simply due to changes, strains and 
motions in the ether. Perhaps zegative electrification» « + + 
means an excess of ether, and positive electrification a 
defect of ether, as compared with the normal density. (W. 
Larden. ) . 

Electricity is the name given to the supposed agent producing the 
described condition (2. é. electrification) of bodies. (Fleeming 
Jenkin.) 

There are certain bodies which, when warm and dry, acquire by 
friction, the property of attracting feathers, filaments of silk or 
indeed any light body towards them. This property is called 
Electricity, and bodies which possess it are said to be electrified. 
(Linneeus Cumming.) ae 

What electricity is it is impossible to say, but for the present it is 
convenient to look upon it as a kind of invisible something which 
pervades all bodies. (W. Perren Maycock.) : 

What is electricity? Noone knows. It seems to be one mani- 
festation of the energy which fills the universe and which appears 
in a variety of other forms, such as heat, light, magnetism, chemi- 
cal affinity, mechanical motion, etc. (Park Benjamin.) , 


The theory of electricity adopted throughout these lessons is, 














208 STANDARD ELECTRICAL DICTIONARY. 


that electricity, whatever its true nature, is ové, not fwo, that this 
Electricity, whatever it may prove to be, is not matter, and is not 
energy ; that it resembles both matter and energy in one respect, 
however, in that it can neither be created nor destroyed. (Syl- 
vanus P. Thomson.) i | 


In Physics aname denoting the cause of an important class of 
phenomena of attraction and repulsion, chemical decomposition, 
etc., or, collectively, these phenomena themselves. (Century Dic- 
tionary.) 2 : 

A power in nature, often styled the electric fluid, exhibiting 
itself, when in disturbed equilibrium or in activity, by a circuit 
movement, the fact of direction in which involves Jolarity, or op- 
position of properties in opposite directions; also, by attraction for 
many substances, by a law involving ad¢traction between sub- 
stances of unlike polarity, and repulsion between those of like; by 
exhibiting accumulated polar tension when the circuit is broken ; 
and by producing heat, light, concussion, and often chemical 
changes when the circuit passes between the poles, or through any 
imperfectly conducting substance or space.. It is evolved in any 
disturbance of molecular equilibrium, whether from a chemical, 
physical, or mechanical cause. (Webster’s Dictionary.) 

In point of fact electricity is not a fluid at all, and only in a few 
of its attributes is it at all comparable to a fluid. Let us rather con- 
sider electricity to be a condition into which material substances 
are throwin 6 6 68 es (Slingo & Brooker.) 


Electricity, Cal. Theelectricity produced in the secondary ofa 
transformer by changes of temperature in the core. This is in 
addition to the regularly induced current. 


Synonym—Acheson Effect. 


Electrics. Substances developing electrification by rubbing or 
friction ; as Gilbert, the originator of -the term, applied it, it would 
indicate dielectrics. He didnot know that, ifinsulated, any substance 
was one of his ‘‘electrics.’? A piece of copper held by a glass handle 
becomes electrified by friction. 


Electrification. ‘The receiving or imparting an electric charge 
to asurface; a term usually applied to electrostatic phenomena. 


Electrization. A term in electro-therapeutics ; the subjection of 
the human system to electric treatment for curative, tonic or diag- 
nostic purposes. 

Electro=biology. The science of electricity in its relation to 
the living organism, whether as electricity is developed by the 
organism, or as it affects the same when applied from an external 
source. 
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Electro-capillarity. The relations between surface tension, the 
potential difference_and the electrostatic capacity of fluids in con- 
tact. Although nominally in contact such surfaces are separated by 
about one-twenty-millionth of a centimeter (<5; Sooo0 inch) ; thusa 
globule of mercury and water in which it is immersed constitute an 
electrostatic accumulator of definite electrostatic capacity. Again 
the mercury and water being in electric connection differ in poten- 
tial by contact (see Contact Theory). A definite surface tension is 
also established. Any change in one of these factors changes the 
other also. A current passed through the contact surfaces will 
change the surface tension and hence the shape of the mercury 
globule. Shaking the globule will change its shape and capacity 
and produce acurrent. Heating willdo the same. (See Electro- 
meter, Capillary ; and Telephone, Capillary.) Mercury and water 
are named as liquids in which the phenomena are most conveniently 
observed. ‘They are observable in other parallel cases. 


Electro-chemical Equivalent. The quantity of an element or 
compound liberated from or brought into combination, electrolytic- 
ally, by one coulomb of electricity. The electro-chemical equivalent 
of hydrogen is found by experiment to be .oooor0s gram. That 
of any other substance is found by multiplying this weight by its 
chemical equivalent referred to hydrogen, which is its atomic or 
molecular weight divided by its valency. Thus the atomic weight 
of oxygen is 16, its valency is 2, its equivalent is 16 - 2 — 8; its 





- electro-chemical equivalent is equal to .oooo105 xX 8 = .o0084o0 


gram. 


Electro-chemical Series. An arrangement of the elements in 
the order of their relative electrical affinities so that each element 
is electro-negative to all the elements following it, and electro-posi- _ 
tive to the elements preceding it. The usual series begins with 
oxygen as the most electro-negative and ends with potassium as the 
most electro-positive element. There is, of course, no reason why 
other series of compound radicals, such as sulphion (S O ,), etc. 
should not also be constructed. For each liquid acting on sub- 
stances a separate series of the substances acted on may be con-~ 
structed. ‘Thus for dilute sulphuric acid the series beginning with 
the negatively charged or most attacked one is zinc, amalgamated 
or pure, cadmium, iron, tin, lead, aluminum, nickel, antimony 
bismuth, copper, silver, platinum. In other liquids the series is 
altogether different. (See Hlectro-motive Series.) 


Electro-chemistry. The branch of electricity or of chemi 

re mistr 
treating of the relations between electric and "chemical force in 
different compounds and reactions. (See Llectrolysis—Electro- 
chemical sertes—Electro-chemical Equivalent .) 


Electro-culture. The application of electricity to the cultivation 
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of plants. In one system wires are stretched or carried across the 
bed under the surface, and some are connected to one pole and 
others to the other pole of a galvanic battery of two or more ele- 
ments. In some experiments improved results have thus been 
obtained. 


Another branch refers to the action of the electric arc light on 
vegetation. This has an effect on vegetation varying in results. 


Electrode. (a) ‘The terminal of an open electric circuit. _ 


(6) The terminals ofthe metallic or solid conductors of an electric 
circuit, immersed in an electrolytic solution. 


(c) The terminals between which a voltaic arc is formed, always 
in practice made of carbon, are termed electrodes. 


(d) In electro-therapeutics many different electrodes are used 
whose names are generally descriptive of their shape, character, or 
uses to which they are to be applied. Such are aural electrodes for 
the ears, and many others. 


(e) The plates of a voltaic battery. 


Electrode, Indifferent. A term in electro-therapeutics. An 
electrode to which no therapeutic action is attributed but which 
merely provides asecond contact with the body to complete the cir- 
cuit through the same. The other electrode is termed the thera- 
peutic electrode. 


Electrodes, Erb’s Standards of. Proposed standard sizes for 
medical electrodes as follows: 


Name. Diameter. 
Fine Electrode, % centimeter .2 inch 
Small 66 2 66 ‘ 8 66 
Medium 75 ae 3.0 $s 
Large ss 6x2 oe 2.4x.8 sf 
Very large ‘‘ 16x8 § GvAx3.2) 2 ff 


‘Electrodes, Non-polarizable. In electro-therapeutics electrodes 
whose contact surface is virtually porous clay saturated with zinc 
chloride solution. The series terminate in amalgamated zinc ends, 
enclosed each in aglass tube, and closed with clay. Contact of 
metal with the tissues is thus avoided. 


Electrode, Therapeutic. A term in electro-therapeutics. An 
electrode applied to the body for the purpose of inducing therapeutic 
action, or for giving the basis for an electric diagnosis of the 
case. The other electrode is applied to complete the circuit only ; 
it is termed the indifferent electrode. © 


Electro-diagnosis. The study of the condition of a patient by 
the reactions which occur at the terminals or kathode and anode 
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of an electric circuit applied to the person. The reactions are 
divided into kathodic and anodic reactions. 


Electro-dynamic. adj. The opposite of electrostatic; a qualifi- 


cation of phenomena due to current electricity. 


Synonym—FHElectro-kinetic. 


Electro-dynamic Attraction and Repulsion. The mutual 
attraction and repulsion exercised by currents of electricity upon 
each other. The theory of the cause is based upon stress of the 
luminiferous ether and upon the reaction of lines of force upon each 
other. For a resumé of the theory see /uduction, Electro-magnetic. 


Electro-dynamics. The laws ofelectricity in astate of motion ; 
the inter-reaction of electric currents. It is distinguished from 
electro-magnetic induction as the latter refers to the production of 


currents by induction. The general laws of electro-dynamics 


are stated under /uduction, Electro-magnettc, q. v. 
Synonym—Hlectro-kinetics. 





Fig. 143. D1AGRAM oF CONNECTIONS OF SIEMENS’ ELECTRO-DYNAMOMETER, 
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Electro-dynamometer, Siemens’. An apparatus for mieas- 
uring currents by the reaction between two coils, one fixed and one 
movable, through which the current to be measured passes. It is 
one of the oldest commercial ammeters or current measurers. It 
comprises a fixed coil of a number of conyolutions and a movable 
coil often of only one convolution surrounding the other. The 
movable coilis suspended by a filament or thread from a spiral spring. 
The spring is the controlling factor. Connection is established 
through mercury cups so as to bring the two coils in series. In 
use the spring and filament are adjusted by turning a milled head 
to which they are connected until the coils are at right angles. 
Then the current is turned on and deflects the movable coil. 
The milled head is turned until the deflection is overcome. The 
angle through which the head is turned is proportional to the 
square of the current. The movable coil must in its position at 
right angles to the fixed one lie at right angles to the magnetic 
meridian. 


Thus in the diagram, Fig. 143 4d B C D isthe fixed coil; ZH 
G His the movable coil;.S is the spiral spring attached at K to 
the movable coil. The arrows show the course of the current 


as it goes through the coils. 


Electrolier. A fixture for supporting electric lamps; the 
analogue in electric lighting of the gasolier or gas chandelier. 
Often both are combined, the same fixture being piped and carrying 
gas burners, as well as being wired and carrying electric lamps. 


Electrolysis. The separation of a chemical compound into its 
constituent parts or elements by the action of the electric current. 
The compound may be decomposed into its elements, as water into 
hydrogen and oxygen, or into constituent radicals, as sodium sul- 
phate into sodium and and sulphion, which by secondary reactions 
at once give sodium hydrate and sulphuric acid. The decomposi- 
tion proceeds subject to the laws of electrolysis. (See Zlectrolysts, 
Laws of.) For decomposition to be produced there is for each 
compound a mininum electro-motive force or potential difference 
required. The current passes through the electrolyte or substance 
undergoing decomposition entirely by Electrolytic Conduction, q. Vv: 
in accordance with Grothiiss’ Hypothesis, q. v. The electrolyte 
therefore must be susceptible of diffusion and must be a fluid. 


The general theory holds that under the influence of a potential 
difference between electrodes immersed in an electrolyte, the mole- 
cules touching the electrodes are polarized, in the opposite sense 
for each electrode. If the potential difference is sufficient the 
molecules will give up one of their binary constituents to the 
electrode, and the other constituent will decompose the adjoining 
molecule, and that one being separated into the same two constit- 
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uents will decompose its neighbor, and soon through the mass until 


’ the other electrode is reached. This one separates definitely the 


second binary constituent from the molecules touching it. 


Thus there is an exact balance preserved. Just as many mole- 
cules are decomposed at one electrode as at the other, and the 
exact chain of decomposition runs through the mass. Each com- 
pound electrolyzed develops a binary or two-fold composition, and 
give up one constituent to one electrode and the other to the 
other. 
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Fig. 144, Acrion oF MoLEcuLzs In A SoLuTion BEFORE AND DurRING 
ELECTROLYsIS. 


The cut shows the assumed polarization of an electrolyte. The 
upper tow shows the molecules in irregular order before any 
potential difference has been produced, in other words, before the 
circuit is closed. The next row shows the first effects of closing 
the circuit, and also indicates the polarization of the mass, when 
the potential difference is insufficient for decomposition. The third 
row indicates the decomposition of a chain of molecules, one 
constituent separating at each pole. 


Electrolysis, Laws of. The following are the principal laws, 
originally discovered by Faraday, and sometimes called Faraday’s 
Laws of Electrolysts : 


I. Electrolysis cannot take place unless the electrolyte is a con- 
ductor. Conductor here means an electrolytic conductor, one that 
conducts by its own molecules traveling, and being decomposed. 
(See Grothiiss’ Hypothesis.) 
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Il. The energy of the electrolytic action of the current is the 
same wherever exercised in different parts of the circuit. 


III. The same quantity of electricity—that is the same current 
for the same period—decomposes chemically equivalent quantities 
of the bodies it decomposes, or the weights of elements separated in 
electrolytes by the same quantity of electricity (in coulombs or 
some equivalent unit) are to each other astheir chemical equivalent. 


IV. The quantity of a body decomposed in a given time is pro- 
portional to the strength of the current. 


To these may be added the following : 


VV. A definite and fixed electro-motive force is required for the 
decomposition of each compound, greater for some and less for 
others. -Without sufficient electro-motive force expended on the 
molecule no decomposition will take place. (See Current,Con vective.) 


Electrolyte. A body susceptible of decomposition by the elec- 
tric current, and capable of electrolytic conduction. It must be a 
fluid body and therefore capable of diffusion, and composite in com- 
position. An elemental body cannot be an electrolyte. 


Electrolytic Analysis. Chemical analysis by electrolysis. The 
quantitative separation of a number of metals can be very effect- 
ively executed. Thus, suppose that a solution of copper sulphate 
was to be analyzed. A» measured portion of the solution would be 
introduced into a weighed platinum vessel. The vessel would be 
connected to the zinc plate terminal ofa battery. From the other ter- 
minal of the battery a wire would be brought and would terminate 
in a plate of platinum. This would be immersed in the solution in 
the vessel. As the current would pass the copper sulphate would be 
decomposed and eventually all the copper would be deposited in a 
firm coating on the platinum. The next operations would be to 
wash the metal with distilled water, and eventually with alcohol, to 
dry and to weigh the dish with the adherent copper. On subtracting 
the weight of the dish alone from the weight of the dish and copper, 
the weight of the metallic copper in the solution would be obtained. 

In similar ways matty other determinations are effected. The 
processes of analysis include solution of the ores or other substances 
to be analyzed and their conversion into proper form for elec- 
trolysis. Copper as just described can be precipitated from the solu- 
tion of its sulphate. For iron and many other metals solutions of 
their double alkaline oxalates are especially available forms for 
analysis. 3 7 

The entire subject has been worked out in considerable detail by 
Classen, to whose works reference should be made for details of 
processes. 


Electrolytic Convection. It is sometimes observed that a single 
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cell of Daniell battery, for instance, or other source of electric 


current establishing too low a potential difference for the decomposi- 


tion of water seems to produce a feeble but continuous decomposi- 
tion. ‘This is very unsatisfactorily accounted for by the hydrogen 
as liberated combining with dissolved oxygen. (Ganot.) The 
whole matter is obscure. (See Current, Convection.) 


Electrolytic Conduction, Conduction by the travel of atoms 
or radicals from molecule to molecule of a substance with eventual 
setting free at the electrodes of the atoms or radicals as elementary 
molecules or constituent radicals. A substance to be capable of 
acting as an electrolytic conductor must be capable of diffusion, and 
must also have electrolytic conductivity. Such a body is called an 
electrolyte. (See Grothiiss’ Hypothesis—Electrolysis—Electrolysts, 
Laws of—Llectro-chemical Equivalent.) : 


Electro-magnet. A mass, in practice always of iron, around 
which an electric circuit is carried, insulated from the iron. When 
a current is passed through the circuit the iron presents the charac- 
teristics of a magnet. (See Magnetism, Ampére’s Theory of— 
Solenoid—Lines of Force.) In general terms the action of a circular 
current is to establish lines of force that run through the axis of the 
circuit approximately parallel thereto, and curving out of and over 
the circuit, return into themselves outside of the circuit. Ifa mass 
of iron is inserted in the axis or elsewhere near such current, it 
multiplies within itself the lines of force, q. v- (Seealso Magnetic 
Permeability—Permeance—Magnettc Induction, Coefficient of— 
Magnetic Susceptibility—Magnetization, Coefficient of Induced.) 
hese lines of force make ita magnet. On their direction, which 
again depends on the direction of the magnetizing current, depends 
the polarity of the iron. ‘The strength of an electro-magnet, below 
saturation of the core (see Magnetic Saturation), is proportional 
nearly to the ampere-turns, q. V- More turns for the same current 
or more current for the same turns increase its strength. 


In the cut is shown the general relation of current, coils, core 
and line of force. Assume that the magnet is looked at endwise, the 
observer facing one of the poles; then if the current goes around | 
the core in the direction opposite to that of the hands of a clock, 


- such pole will be the north pole. If the current is in the direction 


of the hands of a clock the pole facing the observer will be the south 
pole. ‘The whole relation is exactly that of the theoretical Ampérian 
currents, already explained. The direction and course of the lines 
of force created are shown in the cut. a 

The shapes of electro-magnets vary greatly. The cuts show several 
forms of electro-magnets. A more usual form is the horseshoe 
or double limb magnet, consisting generally of two straight cores, 
wound with wire and connected and held parallel to each other by 
a bar across one end, which bar is called the yoke. 
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In winding such a magnet the wire coils must conform, as regards 
direction of the current in them to the rule for polarity already 
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Fig. 14s. D1aGRaAm oF AN ELECTRO-MAGNET SHOWING RELATION OF CURRENT 
‘AND WINDING TO ITS PoLaRiIry AND Lines oF ForcE. 
cited. If both poles are north or both are south poles, then the 
magnet cannot be termed a horseshoe magnet, but is merely an 
anomalous magnet. In the field mag- 
nets of dynamos the most varied types 
of electro-magnets have been used. 
Consequent poles are often produced in 
them by the direction of the windings 
and connections. 


To obtain the most powerful magnet 
the iron core should be as short and 
thick as possible in order to diminish 
the reluctance of the magnetic circuit. 
To obtain a greater range of action a 
long thin shape is better, although it 
involves waste of energy in tts excita- 
tion. 


Electro-magnet, Annular. An 
electro-magnet consisting of a cylin- 
der with a circular groove cut in its 
face, in which groove a coil of insulated 
wire is placed. On the passage of a 
current the iron becomes polarized 
and attracts an armature towards or 
against its grooved face. The cut shows 
the construction of an experimental 
one. It is in practice applied to 





Fig. 146. ANNULAR ELECTRO- 


MAGNET. brakes and clutches. Inthe cut of the 
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electro-magnetic brake (see Brake, Electro-magnetic), C is the 
annular magnet receiving its current through the wires, and 
pressed when braking action is required against the face of the 
moving wheel. The same arrange- 
ment, it can be seen, may apply to a 
clutch. 


Electro-magnet, Bar. A straight (EP fil 
bar of iron surrounded with a mag- 

netizing coil of wire. Bar electro- 
magnets are not much used, the horse- 
shoe type being by far the more usual. 





Fig. 147. BAR ELECTRO-MAGNET. 


Electro-magnet, Club-foot. An electro-magnet, one of whose 
legs only is wound with wire, the other being bare. 





Fig. 148. Cius-FooT ELECTRO-MAGNETS WITH HINGED ARMATURES. 


Electro-magnet, Hinged. An electro-magnet whose limbs are 
hinged at the yoke. On excitation by a current the poles tend to 
approach each other. 


Electro-magnetic Attrac- 
tion and Repulsion. ‘The attrac- 
tion and repulsion due to electro- 
magnetic lines of force, which 
lines always tend to take as short 
a course as possible and also seek 
the medium of the highest per- 
meance. This causes them to Fig. 149. Execrro-macnet, Hincep 
concentrate in iron and steel or 
other paramagnetic substance and to draw them towards a magnet 
by shortening the lines of force connecting the two. It is exactly 
the same attraction as that of the permanent magnet for its arma- 
ture, Ampére’s theory bringing the latter under the same title. In 
the case of two magnets like poles repel and unlike attract. In 
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the case of simple currents, those in the same direction attract — 


and those in opposite directions repel each other. This refers to. 
constatit current reactions. Thus the attraction of unlike poles of 
two magnets is, by the Ampérian theory, the attraction of two sets 
of currents of similar direction, as is evident from the diagram. 
The repulsion of like poles is the repulsion of unlike currents and 
the same applies to solenoids, q. Vv. (See Magnetism and do. 


Ampére’s Theory of—Induction, Electro-dynamic—Electro-mag-- 


netic Induction.) 


Electro-magnetic Control. Control of a magnet, iron arma- 
ture, or magnetic needle in a galvanometer, ammeter, voltmeter 
or similar instrument by an, electro-magnetic field, the restitutive 
force being derived from an electro-magnet. The restitutive force 
is the force tending to bring the index to zero. : 


Electro-magnetic Field of Force. A field of electro-magnetic 
lines of force, q. v., established through the agency of an electric 
current. A wire carrying a current is surrounded by circular 
concentric lines of force which have the axis of the wire as the 
locus of their centres. Electro-magnets produce lines of force 
identical with those produced by permanent magnets. (See Feld 
of Force—Magnetic Kield of Force—Controlling Field—Deflect- 
ing Field.) 7 . 


Electro-magnetic Induction. When two currents of unlike 
direction are brought towards each_other, against their natural 
repulsive tendency work is done; and the consequent energy takes 
the form of a temporary increase in both currents. When with- 
drawn, in compliance with the natural tendency of repulsion, the 
currents are diminished in intensity, because energy is not 
expended on the withdrawal, but the withdrawal is at the expense 
of the energy of the system. The variations thus temporarily 
produced in the currents are examples of electro-magnetic induc- 
tion. ‘The currents have only the duration in each case of the 
motion of the circuits. One circuit is considered as carrying the 
inducer current and is termed the primary circuit and its current 
the primary current, the others are termed the secondary circuit and 
current respectively. We may assume asecondary circuit in which 
there ig no current. It is probable that there is always an infin- 


itely small current at least, in every closed circuit. Then an 


approach of the circuits will induce in the secondary an instantane- 
ous current in the reverse direction. On separating the two cir- 
cuits a temporary current in the same direction is produced in the 
secondary. : 


A current is surrounded by lines of force. The approach of two 
circuits, one active, involves a change in the lines of force about 
the secondary circuit. Lines of force and current are so intimately 
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connected that a change in one compels a change in the other. 
Therefore the induced current in the secondary may be attributed 
to the change in the field of force in which it lies, a field main- 
tained by the primary circuit and current. Any change in a field 
of force induces a current or change of current in any closed cir- 
cuit in such field, lasting as long as the change is taking place. 
The new current will be of such direction as to oppose the change. 
(See Lenz’s Law.) 


‘he action as referred to lines of force may be figured as the 
cutting of such lines by the secondary circuit, and such cutting 
may be brought about by moving the secondary in the field. (See 
Lines of Force—Field of Force.) The cutting of 108 lines of force 
per second by a closed circuit induces an electro-motive force of 
one volt. (See Induction, Mutual, Coefficient of.) 


Electro-magnet, Iron Clad. A magnet whose coil and core are 
encased in a ironjacket, generally connected to one end of the 
core. This gives at one end two poles, one tubular, the other solid, 
and conceatric with each other. It is sometimes called a tubular 


- magnet. 


Electro-magnet, One Coil. An electro-magnet excited by one 
coil. In some dynamos the field magnets are of this coustruction, 
a single coil, situated-about midway between the poles, producing 
the excitation. 


Electro-magnetic Leakage. The leakage of lines of force in an. 
electro-magnet ; the same as magnetic leakage. (See Magnetic 
Leakage.) : 


Electro-magnetic Lines of Force. The lines of force produced. 
in an electro-magnetic field. They are identical with Magnetic 
Lines of Force, q. v. (See also Field of Force—Line of Force.) 


Electro-magnetic Stress. The stress in an electro-magnetic 
field of force, showing itselfin the polarization of light passing 
through a transparent medium in sucha field. (See Magnetic 
Rotary Polarization.) : 


Electro-magnetic Theory of Light. This theory is due to J. 
Clark Maxwell, and the recent Hertz experiments have gone far 
to prove it. It holds that the phenomena of light are due to ether 
waves, identical in general factors with those produced by electro- 
magnetic induction of alternating currents acting on the ether. In 
a non-conductor any disturbance sets an ether wave in motion 
owing to its restitutive force; electricity does not travel through 


such a medium, but can create ether waves in it. Therefore a.non- 


conductor of electricity is permeable to waves of ether or should 
transmit light, or should be transparent. A conductor on the other 
hand transmits electrical disturbances because it has no restitutive 
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force and cannot support an ether wave. Hence a conductor. 


should not transmit light, or should be opaque. With few excep- 
tions dielectrics or non-conductors are transparent, and conductors 
are opaque. 


Again, the relation between the electrostatic and electro-magnet 
units of quantity isexpressed by 1: 30,000,000,000; the latter figure 
in centimeters gives approximately the velocity of light. The 
electro-magnetic unit depending on electricity in motion should 
have this precise relation if an electro-magnetic disturbance was 
propagated with the velocity of light. If an electrically charged 


body were whirled around a magnetic needle with the velocity of 


light, it should act in the same way as acurrent circulating around 


it. This effect to some extent has been shown experimentally by 
Rowland. 


A consequence of these conclusions is (Maxwell) that the specific 
inductive capacity ofa non-conductor or dielectric should be equal 
to the square of its index of refraction for waves of infinite length. 
This is true for some substances—sulphur, turpentine, petroleum 
and benzole. In others the specific inductive capacity is too high, 


e. g., vegetable and animal oils, glass, Iceland spar, fluor spar, 
and quartz. 


Electro-magnetic Unit of Energy. A rate of transference of 
energy equal to ten meg-ergs per second. 


Electro-magnetism. The branch of electrical science treating 
of the magnetic relations of a field of force produced by a current, 
of the reactions of electro-magnetic lines of force, of the electro- 
magnetic field of force, of the susceptibility, permeability, and 
reluctance of dia- and paramagnetic substances, and of electro- 
magnets in general. 


Electro-magnet, Long Range. An electro-magnet so constructed 
with extended pole pieces or otherwise, as to attract its armature 
with reasonably constant force over a considerable distance. ‘The 
coiland plunger, q. v., mechanisms illustrate one method of getting 
an extended range of action. When a true electro-magnet is used, 
one with an iron core, only a very limited range is attainable at 
the best. (See Zlectro-magnet, Stopped Coil—do. Plunger.) 


Electro-magnet, Plunger. An electro-magnet with hollow 
coils, into which the armature enters as a plunger. ‘To make ita 


true electro-magnet it must have either a yoke, incomplete core, 
or some polarized mass of iron. 


Electro-magnet, Polarized. An electro-magnet consisting 
of a polarized or permanently magnetized core wound with mag- 
netizing coils, or with such coils on soft iron cores mounted on its 
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ends. ‘The coils may be wound and connected so as to co-operate 
with or work against the permanent magnet on which it is 
mounted. In Hughes’ magnet shown in 
the cut it is mounted in opposition, so that 
an exceedingly feeble current will act to ,.. 
displace the armature, @, which is pulled 

away from the magnet by a spring, S. 


Electro-magnets, Interlocking. 
Electro-magnets so arranged that their 
armatures interlock. Thus two magnets, 
A A and B B, may be placed with their 
armatures, JZ and J, at right angles and 
both normally pulled away from the poles. 
When the armature J/ is attracted a catch 
on its end is retained by a hole in the 
end of the other armature JV, aan lar 

atter armature JV is attracted by its ; 
cere the armature J/ is released. Inthe mechanism shown 
in the cut the movements of the wheel & are controlled. Nee 
mally it is held motionless by the catch upon the bottom or the 





Fig. 150. HuGues’ POLARIZED 
ELECTRO-MAGNET. 





Fig. 151. INTERLOCKING ELECTRO-MAGNETS. 


re WM, coming against the tooth projecting from its periph- 
ak soe ne Bar through the coils of the magnet Z 
A releases it, by attracting 17, which is caught and retaine 
by WV, and leaves it free to rotate. A momentary current 
through the coils of the magnet B B again releases MM, which drops 
down and engages the tooth upon £ and arrests its motion. 


Electro-magnet, Stopped Coil. An electro-magnet consisting 
of a tubular coil, in which a short fixed core is contained, stopping 
up the aperture to a certain distance, while the armature is a 
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plunger entering the aperture. This gives a longer range of action 
than usual. 


Electro-magnet, Surgical. An electro-magnet, generally of 
straight or bar form, fitted with different shaped pole pieces, used 
for the extraction of fragments of iron or steel from the eyes. 
Some very curious cases of successful operations on the eyes of 
workmen, into whose eyes fragments of steel or iron had pene- 
trated, are on record. 


Electro-medical Baths. A bath for the person provided with 
connections and electrodes for causing a current of electricity of 
any desired type to pass through the body of the bather. Like all 
electro-therapeutical treatment, it should be administered under 
the direction of a physician only. 


Electro-metallurgy. (a) In the reduction of ores the electric 
current has been proposed but never extensively used, except in 
the reduction of aluminum and its alloys. (See eduction of Ores, 
Llectric.) 3 

(6) Electro-plating and deposition of metal from solutions is 
another branch. (See Electroplating and Electrotyping.) 

(c) The concentration of iron ores by magnetic attraction may 
come under this head. (See Wagnetic Concentration of Ores.) 


Electrometer. An instrument for use in the measurement of 
potential difference, by the attraction or repulsion of statically 
charged bodies. They are distinguished from galvanometers as the 
latter are really current measurers, even if wound for use as volt- 
meters, depending for their action upon the action of the current 
circulating in their coils. 


- Electrometer, Absolute. An electrometer designed to give 
directly the value of a charge in absolute units. In one forma 
plate, a6, of conducting surface is supported or poised horizontally 
below asecond larger plate C, also of conducting surface. The poised 
plate is surrounded by adetached guard ring—-an annular or perforated 
plate, 7 g 7’ g’—exactly level and even with it as regards the upper 
surface. ‘The inner plate is carried by a delicate balance. In use 
C is connected to one of the conductors and the lower plate to 
earth or to the other. The attraction between them is determined 
by weighing. By calculation the results can be made absolute, as 
they depend on actual size of the plates and their distance, outside 
‘of the potential difference of which of course nothing can be said. 
If S is the area of the disc, d the distance of the plates, V—V' the 
‘difference of their potential, which is to be measured, and F the 
force required to balance their attraction, we have: 
meter: i ~ (V—V!)?S 
[eee — (1) 
8 7m @ 
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If V=O this reduces to 
V2S 
B= : (2) 
: 82 da? 
_ /82F 
or V = ?@ (3) 


As F is expressed as a weight,- and S and a as measures of area 
and length, this gives a means of directly obtaining potential values 
in absolute measure. (See /diostatic Method—Heterostatic Method.) 


Synonyms—Attracted Disc Electrometer—Weight Electrometer. 
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Fig. 152. SECTION OF BasE oF PorRTABLE ELECTROMETER. 


In some forms the movable disc is above the other, and supported 
at the end ofa balance beam. In others a spring support, arranged 
so as to enable the attraction to be determined in weight units, 
is adopted. Thecuts, Figs. 152 and 154, show one of the latter type, 
the portable electrometer. The disc portion is contained within a 





if S J’ 
Fig. 153. Diacram ILLustratinG THHory or ABSOLUTE ELECTROMETER. 


cylindrical vessel. Referring to Fig. 152 g is the stationary disc, 
charged through the wire connection 7; /is the movable disc, car- 


ried by a balance beam poised at zou a horizontal and transverse 


stretched platinum wire, acting as a torsional spring. The position 
ofthe end & of the balance beam shows when the disc fis in the 
plane ofthe guard ring #4. Theend & is forked horizontally and 
a horizontal sighting wire or hair is fastened across the opening of 


A 
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the fork. When the hair is midway between two dots on a vertical 
scale the lever is in the sighted position, as it is called, and the disc 
is in the plane of the guard-ring. 





Fig. 154. PoRTABLE ELECTROMETER. 


The general construction is seen in Fig. 154. There the fixed disc 
DP is carried by insulating stem g!. The charging electrode is sup- 
ported by an insulating stem g?, and without contact with the box 
passes out of its cover through a guard tube 4, with cover, some- 
times called umbrella, V. The umbrella is to protect the apparatus 
from air currents. At m is the sighting lens. A is a lead box 
packed with pumicestone, moistened with oil of vitriol or concen- 
trated sulphuric acid, to preserve the atmosphere dry. Before use 
the acid is boiled with some ammonium sulphate to expel any 
corrosive nitrogen oxides, which might corrode the brass. 


In use the upper disc is charged by its insulated electrode withia 
the tube #; the movabledisc is charged if desired directly through 
the case of the instrument. The upper disc is screwed up or down 
by the micrometer head JV, until the sighted position is reached. 
The readings of the micrometer on the top of the case give the data 
for calculation. 


Electrometer, Capillary. An electrometer for measuring 
potential difference by capillary action, which latter is affected by 
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electrostatic excitement. A tube 4 contains mercury; its end 
drawn out to a fine aperture dips into a vessel B which contains 
dilute sulphuric acid with mercury under it, as shown. Wires 





running from the binding-posts @ and 6 connect one with the mer- 
cury in A, the other with thatin 2. The upper end of the tube 4 
connects with a thick rubber mercury reservoir 7; and manometer. 
HT. The surface tension of the mercury-acid film at the lower end ~ 
of the tube A keeps allin equilibrium. If now a potential difference ~ 

is established between @ and 4, as by connecting a battery thereto, 
the surface tension is increased and the mercury rises in the tube 
B. By screwing down the compressing clamp /, the mercury is 
brought back to its original position. The microscope J/ is used to 
determine this position with accuracy. The change in reading of 
the manometer gives the relation of change of surface tension and 
therefore of potential. Each electrometer needs special graduation 
or calibration, but is exceedingly sensitive and accurate. It cannot 
be used for greater potential differences than .6 volt, but can 
measure .0006 volt. Its electrostatic capacity is so small that it 
can indicate rapid changes. Another form indicates potential 
difference by the movement of a drop of sulphuric acid in a hori- 
zontal glass tube, otherwise filled with mercury, and whose ends 
lead into two mercury cups or reservoirs. The pair of electrodes to 
be tested are connected to the mercury vessels. The drop moves 
towards the negative pole, and its movement for small potential 
differences (lessthan one volt) is proportional to the electro-motive 
force or potential difference. . 
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Electrometer Gauge. An absolute electrometer (see /lectro- 
meter, Absolute) forming an attachment to a Thomson quadrant 
electrometer. It is used to test the potential of the flat needle 
connected with the inner surface of the Leyden jar condenser of 
the apparatus. ‘This it does by measuring the attraction between 
itself and an attracting disc, the latter connected by a conductor 
with the interior of the jar. 


Electrometer, Lane’s. A Leyden jar with mounted discharger, 
so that when charged to acertain point it discharges itself. It is 
connected with one coating ofany jar whose charge is to be meas- 
ured, which jar is then charged by the other coating. As the jar 
under trial becomes charged to a certain point the electrometer jar 


discharges itself, and the number of discharges is the measure of 


the charge of the other jar. It is really a unit jar, q. v. 


Electrometer, Quadrant. (a) Sir William Thomson’s electro- 
meter, asimple form of which is shown in the cut, consists of 
four quadrants of metal placed horizontally ; above these a broad 


flat aluminum needle hangs by a very fine wire, acting as torsional 


suspension. The quadrants are insulated from each other, but the 








Fig. 156. THomson’s Quap- 


RANT ELECTROMETER. ELECTROSCOPE, 


opposite ones connect with each other by wires. The apparatus 
is adjusted so that, when the quadrants are in an unexcited con- 
dition the needle is at rest over one of the diametrical divisions 
between quadrants. The needle by its suspension wire is in com- 
munication with the interior of a Leyden jar which is charged. 
The whole is covered with a glass shade, and the air within is kept 
dry bya dish of concentrated sulphuric acid so that the jar retainsits 
charge for a long time and keeps the needle at approximately a 


Fig. 157. HaNLEY’s QuADRANT ~ 


| 
| 
| 
4 
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constant potential. If now two pairs of quadrants are excited with 
opposite electricities, as when connected with the opposite poles of 
an insulated galvanic cell, the needle is repelled by one pair and 
attracted by the other, and therefore rotatesthrough an arc of greater 
or less extent. A small concave mirror is attached above the 
needle and its image is reflected on a graduated screen. This makes 
the smallest movement visible. Sometimes the quadrants are double 

forming almost a complete box, within which the needle moves. 


(6) Henley’s quadrant electrometer is for use on the prime con- 
ductor of an electric machine, for roughly indicating the relative 
potential thereof. It consists of a wooden standard attached per- 
pendicularly to the conductor. Near one end is attached a semi- 
circular or quadrant arc of a circle graduated into degrees or angu- 
lar divisions. An index, consisting of a straw witha pith-bell 
attached toits end hangs from the center of curvature of the arc 
When the prime conductor is charged the index moves up one 
the scale and its extent of motion indicates the potential relatively. 


When the ‘“‘ quadrant electrometer’ is spoken of it may always 
be aruned that Sir William Thomson’s instrument. is alluded ae 
Henley’s instrument is properly termed a quadrant el 
(See Llectroscope.) ? = aus 


Electro-motive Force. ‘The cause which produces currents of 
electricity. In general it can be expressed in difference of poten- 
tials, although the term electro-motive force should be restricted to 
potential difference causing a currrent. It is often a sustained 
charging of the generator terminals whence the current is taken. 
Its dimensions are work done — the quantity of electricity involved, 
or ML?/T? — M? 12= M? L2/T?. 

The practical unit of electro-motive force is the volt QoVex Lt iS 
often expressed in abbreviated form, as FE. M. D. P. or simpl 
as D.P., 1. e., potential difference. | ee 


Electro-motive force and potential difference are i 
virtually identical, and aiseiuctions drawn between them ear with 
different authors. If we consider a closed electric circuit carrying 
a current, a definite electro-motive force determined by Ohm’s law 
from the resistance and current obtains in it. But if we attempt to 
define potential difference as proper to the circuit we may quite 
‘ail. Potential difference in a circuit is the difference in potential 
between defined points of such circuit. But no points ina closed © 
circuit can be found which differ in potential by an amount equal 
to the entire electro-motive force of the circuit. Potential differ- 
ence 1s properly the measure of electro-motive force expended on 
the portion of acircuit between any givenpoints. Electro-motive 
force ofan entire circuit, as itis measured, asit were, between two con- 
secutive points but around the long portion of the circuit, is not con- 
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ceivableasmerely potential difference. . Taking the circle divided 
into degrees as an analogy, the electro-motive force of the entire cir- 
cuit might be expressed as 360°, which are the degrees intervening 


between two consecutive points, measured the long way around 


the circle. But the potential difference between the same two 
points would be only 1°, for it would be measured by the nearest 
path. 


Electro-motive Force, Counter. A current going through a 
circuit often has not only true or ohmic resistance to overcome, but 
meets an opposing E. M. F. This is termed counter-electro-motive 
force. It is often treated in calculations as resistance, and is 
termed spurious resistance. It may be a part of the impedance of 
a circuit. 

In a primary battery hydrogen accumulating on the negative 
plate develops counterH.M.F. In the voltaic arc the differential 
heating of the two carbons does the same. The storage battery is 


changed by a current passing in the opposite direction to its own — 


natural current; the polarity of such a battery is counter EK. M. F. 


-Electro-motive Force, Unit. Unit electro-motive force is that 
which is created in a conductor moving through a magnetic field 
at such a tate as to cut one unit line of force per second. It is that 

which must be maintained in acircuit of unit resistance to main- 
tain a current of unit quantity therein. It is that which must be 
maintained between the ends of a conductor in order that unit 
current may do unit work in a secord. 


Electro-motive Intensity. The force acting upon a unit charge 
of electricity. ‘The mean force is equal to the difference of poten- 
tial between two points within the field situated one centimeter 
apart, such distance being measured along the lines of force. The 
term is due to J. Clerk Maxwell. 


Electro-motive Series. Arrangement of the metals and carbon 
in series with the most electro-positive at one end, and electro- 
negative at the other end. The following are examples for differ- 
ent exciting liquids: 


Dilute Sulphuric Dilute Hydrochloric Caustic Potassium 
Acid Acid. Potash. Sulphide. | 

Zinc Zinc Zinc Zinc. 
Cadmium Cadmium Tin Copper 
Tin Tin Cadmium Cadmium 
Lead Lead Antimony Tin 
Iron Iron Lead Silver 
Nickel Copper Bismuth Antimony 
Bismuth > Bismuth Iron Lead 
Antimony Nickel Copper ’ Bismuth 
Copper Silver Nickel Nickel 
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Dilute Sulphuric Dilute Hydrochloric Caustic Potassium 
Acid. Acid. Potash, Sulphide, 
Silver - Antimony Silver Iron 
Gold 
Platinum 
Carbon 


In each series the upper metal is the positive, dissolved or 
attacked element. (See Contact Series—Electro-chemical Series.) 


Electro-motograph. An invention of Thomas A. Edison. A. 
cylinder of chalk, moistened with solution of caustic soda, is 
mounted so as to be rotated by ahandle. A diaphragm has an arm 
connected to its center. This arm is pressed against the surface of 
the cylinder by aspring. When the cylinder is rotated, a constant 
tension is exerted on the diaphragm. Ifacurrent is passed through 
the junction of arm and *ylinder the electrolytic action alters the 
friction so as to change the stress upon the diaphragm. 


If the current producing this effect is of the type produced by 
the human voice through a microphone the successive variations 
in strain upon the diaphragm will cause it to emit articulate 
sounds. These are produced directly by the movement of the 
cylinder, the electrolytic action being rather the regulating por- 
tion of the operation. Hence very 
loud sounds can be produced by it. 
This has given it the name of the 
loud-speaking telephone. 


_ The same principle may be applied 
in other ways. But the practical ap- 
plication of the motograph is in the 
telephone described. 


Electro-motor. This term is some- 
times applied to.a current generator, 
such as a voltaic battery. 


Electro-muscular Excitation. 
A term in medical electricity indicat- 
ing the excitation of muscle as the 
effect of electric currents of any kind. | 





Electro-negative. adj. _Apper- 
taining to negative electrification ; 
thus of the elements oxygen is the Fig. 158. | ELecrro-MoTOGRAPH 
most electro-negative, because if ere MONE 
separated by electrolytic action from any combination, it will be 
charged with negative electricity. | 


Electro-optics. The branch of natural science treating of the 
relations between light and electricity. Both are supposed to be 
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henomena of or due to the luminiferous ether. To it may be 
referred the following: (@) Electro-magnetic Stress and Magnetic 
Rotary Polarization ; (6) Dielectric Strain ; all of which may 
be referred to in this book; (¢) Change in the resistance of a con+ 
ductor by changes in light to which it is exposed (see Selenium) ; 

d) The relation of the index of refraction of a dielectric to the 
dielectric constant (see Electro-magnetic Theory of Light); (e) The 
identity (approximate) of the velocity of light in centimeters and 
the relative values of the electrostatic and electro-magnet units 

of intensity, the latter being 30,000,000,000 times greater than the 
former, while the velocity of light is 30,000,000,000 centimeters 


per second. - 


Electrophoric Action. The action of an electrophorous ; util- 
ized in influence machines. (See Electrophorous.) 


Electrophorous. An apparatus for the production of electric 
charges of high potential by electrostatic induction, q. V. It con- 
sists of adisc ofinsulating material B, such as resin or gutta percha, 
which is held in a shallow metal-lined box or form. The disc may 
be half an inch thick and afoot or more in diameter, or may be 
much smaller and thinner. A metal disc A, smaller in diameter is 
provided with an insulating handle which may be of glass, or simply 
silk suspension strings. To use it the disc B is excited by friction 


with a cat-skin or other suitable substance. The metallic disc is 


then placed on the cake of resin exactly in its centre, So that the, 





Fig. 159. ELECTROPHOROUS. 


latter disc or cake projects on all sides. Owing to roughness there 
is little real electric contact between the metal and dielectric. On 
touching the metal disc a quantity of negative electricity escapes 
to the earth. On raising it from the cake it comes off excite 
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positively, and gives a spark and is discharged. It canb 1 
touched, removed and another spark can e: taken aon fee 
on as long as the cake stays charged. ee 


The successive discharges represent electrical 

Che energy expended. 
This is derived from the muscular energy spe nded & the Sper. 
Bio an peparalng fe ine discs when oppositely excited. As 
generally used it is therefore an a aratus for ing 

or mechanical energy into BesEne once Se 


Electro=physiology. Thescience of th i 

tre : e electric phenom 

of the animal system. It may also be extended to rnelude ae 

ane Bice discovery oe ples with the frog’s body fell into this 
ranch of science. e electric fish 

intense phenomena in the same. = ee oes 


Electroplating. The deposition by electrolysi i 
metal upon a conducting surface. The simmplest ee oe 
object to be plated the negative electrode or plate in a galvanic 
couple. ‘Thus a spoon or other object may be connected by a wire 
to a plate of zinc. A porous cup is placed inside a battery jar. The 
spoon is placed in the porous cup and the zinc outside it. A solu- 
tion of copper sulphate is placed in the porous cup and water with 
a little sodium or zinc sulphate dissolved in it, outside. A current 
starts through the couple, and copper is deposited on the spoon. 


A less primitive way is to use a separate battery as 
current ; to connect to the positive state by a wire He oie Es = 
plated, and a plate of copper, silver, nickel or other metal to the 
other pole of the battery. On immersing both object and plate 
(anode) in a bath of proper solution the object will become plated. 


In general the anode is of the same material as the metal to be 


deposited, and dissolving keeps up the strength of the bath. There — 


are a great many points of technicality involved which can 
: ; n 
given here. The surface of the immersed object must be coeaae 


tive. If nota fine wire network stretched over it will gradually — 


fill up in the bath and give a matrix. More genera 

is made conductive by being brushed over aa Shee ee 
may be followed by a dusting of iron dust, followed by immersion 
in solution of copper sulphate. This has the effect of depositin 
metallic copper over the surface as a starter for the final coat. : 


Attention must be paid to the perfect cleanli j 

: i iness of the 

to the condition of the bath, purity of anodes and current ae 
Voltaic batteries are largely used for the current as well as special 
ow resistance dynamos. Thermo-electric batteries are also used to 


- some extent but not generally. 


Electro-pneumatic Signals. Si igne 
: gnals, such as railroad 
or semaphores, moved by compressed air, which is Roa 


1 
| 
| 
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valves operated by electricity. The House telegraph, which was 
worked by air controlled by electricity, might come under this 
term, but it is always understood as applied to railroad signals, or 
their equivalent. — | 


Electropoion Fluid. An acid depolarizing solution for use in 
zinc-carbon couples, such as the Grenet battery. The following are 
formule for its preparation: (a) Dissolve one pound of potassium 
bichromate in ten pounds of water, to which two and one-half 
pounds of concentrated sulphuric acid have been gradually added. 
The better way is to use powdered potassium bichromate, add it to 
the water first, and then gradually add the sulphuric acid with con- 
stant stirring. (6) To three pints of water add five fluid ounces of 
concentrated sulphuric acid ; add six ounces pulverized potassium 
bichromate. (c) Mix one gallon concentrated sulphuric acid and 
three gallons of water. In a separate vessel dissolve six pounds 
potassium bichromate in two gallons of boiling water. Mix the 
two. 


The last is the best formula. Always use electropoion fluid cold. 
(See TZrouvé’s  Solution—PoggendorfPs  Solution—Kakogey’s 
Solution—Tissandrier’s Solution—Chutaux’s Solution.) 


Electro-positive. adj. Appertaining to positive electrification ; 
thus potassium is the most electro-positive of the elements. (See 
Llectro-neg ative.) : 


Electro-puncture. The introduction into the system of a 
platinum point or needle, insulated with vulcanite, except near its 
point, and connected as the anode of a galvanic battery. The 
kathode is a metal one, covered with a wet sponge and applied on 


the surface near the place of puncture. It is used for treatment of — 


aneurisms or diseased growths, and also for removal of hair by 
_ electrolysis. (See Hair, Removal of by Electrolysis.) 


Synonym—Galvano-puncture. 


_ Electro-receptive. adj. A term applied to any device or appara- 
tus designed to receive and absorb electric energy. A motor is an 
exainple of an electro-receptive mechanism. | 


Electroscope. An apparatus for indicating the presence of an 
electric charge, and also for determining the sign, or whether the 
‘charge is positive or negative.. The simplest form consists of a 
thread doubled at its centre and hung therefrom. On being 
charged, or on being connected to a charged body the threads 
diverge. A pair of pith balls may be suspended in a similar way, 
or a couple of strips of gold leaf within a flask (the gold leaf 
electroscope). To use an electroscope to determine the sign of the 
charge itis first slightly charged. The body to be tested is then 
applied to the point of suspension, or other charging point. If at 





= 


‘ The plates are now separated. This re- 
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once further repelled the charge of the body is of the same sign as 
the slight charge first imparted to the electroscope leaves; the 
leaves as they become more excited will at once diverge more. If 
of different sign they will at first approach as their charge 1s neu- 
tralized and will afterwards diverge. : 


The gold-leaf electroscope is generally enclosed in a glass bell 
jar or flask. Sometimes a pair of posts rise, one on each side, to 
supply points of induction from the earth to intensify the action. 
(See Llectrometer, Quadrant—Electroscope, Gold leaf, and others. ) 


Electroscope, Bennett’s. A gold-leaf electroscope, the sus- 
pended leaves of which are contained in a glass shade or vessel of dry 


air. On the inside of the glass shade are two strips of gold leaf, 


which rise from the lower edge ashort distance, being pasted to 
the glass, and connected to the ground. These act by induction to 
increase the sensitiveness of the instruments. 


Electroscope, Bohenberger’s. A condensing electroscope 
(see Electroscope, Condensing) with a single strip of gold leaf sus- 
pended within the glass bell. This is at an equal distance from 
opposite poles oftwo dry piles (see Zamboni’s Dry Pile) aie 
ing on end, one on each side of it. As soon as the leaf is excite 
it moves toward one and away from the 
other pile, and the sign of its electrification 
is shown by the direction of its motion. 


Electroscope, Condensing. A gold 
leaf electroscope, the glass bell of which 
is surmounted by an electrophorous or 
static condenser, to the lower plate of 
which the leaves of gold are suspended or 
connected. 


‘In use the object to be tested is touched 
to the lower plate, and the upper plate at 
the same time is touched by the finger. 


duces the capacity of the lower plate g7fiy. 
greatly and its charge acquires sufficient fi’ ; 
potential to affect the leaves, although the i 
simple touching may not have affected \ 
them at all. are 


Electroscope, Gold Leaf. An electro- 
scope consisting of two leaves of gold leaf 
hung in contact with each other po Hie 166 
the end of a conductor. When excite ee 
they diverge. The leaves are enclosed in COL? BAF STEIN 
a glass vessel. 
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3 Electroscope, Pith Ball. Two pith balls sus eid at opposite 
ends of a silk thread doubled in the middle. When incged with 
like electricity they repel each other. The extent of their repul- 
sion indicates the potential of their charge. 


Electrostatic Attraction and Repulsion. The attraction and 
repulsion of electrostatically charged bodies for each other, shown 
when charged with electricity. If charged with electricity of the 
same sign they repel each other. If with opposite they attract 
each other. The classic attraction and subsequent repulsion of 
bits of straw and chaff by the excited piece of amber is a case of 
electrostatic attraction and repulsion. (See Zlectricity, Static— 
Electrostatics—Coulomb’s Laws of Electrostatic Attraction and 
Repulsion.) — | 


Electrostatic Induction, Coefficient of. The coefficient 
expressing the ratio of the charge or change of charge developed in 
one body to the potential of the inducing body. 


Electrostatic Lines of Force. Lines of force assumed to exist 





Fig. 16x. Evecrrosratic Lines or Force Brerwreen Near SuRFACES. 


in an electrostatic field of force, and to constitute the same. In 
general they correspond in action and attributes with electro- 





Fig. 162. Execrrostatic Lines of Force Between Distant SuRFACES, 


magnetic lines of force. They involve in almost all cases either a 
continuous circuit, or atermination at both ends in oppositely 
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charged surfaces. The cut, Fig. 161, shows the general course taken 
by lines of force between two excited surfaces when near together. 
Here most of them are straight lines reaching straight across 
from surface to surface, while a few of them arch across from near 
the edges, tending to spread. If the bodies are drawn apart the 
spreading tendency increases and the condition of things shown in 
the next cut, Fig. 162, obtains. There is an axial line whose pro- 
longations may be supposed to extend indefinitely, as occupying a 
position of unstable equilibrium. Here the existence of a straight 
and unterminated line of force may be assumed. | 


A direction is predicated to lines of force corresponding with the 
direction of an electric current. They are assumed to start from a 
positively charged and: to go towards a negatively charged surface. 
A positively charged body placed in an electrostatic field of force 
will be repelled from the region of positive into or towards the 
region of negative potential following the direction of the lines of 
force, not moving transversely to them, and having no transverse 
component in its motion. | 


Electrostatics. ‘The division of electric science treating of the 
phenomena of electric charge, or of electricity in repose, as con- 
trasted with electro-dynamics or electricity in motion or in current 
form. Charges of like sign repel, and of unlike sign attract each 
other. The general inductive action is explained by the use of 
the electrostatic field of force and electrostatic lines of force, q. V. 
The force of attraction and repulsion of small bodies or virtual 
points, which are near enough to each other, vary as the square of 
the distance nearly, and with the product of the quantities of the 
charges of the two bodies. 


Electrostatic Refraction. Dr. Kerr found that certdin dielec- 
trics exposed to electric strain by being placed between two oppo- 
sitely excited poles of a Holtz machine or other source of very high 
tension possess double refracting powers, in other words can rotate 
a beam of polarized light, or can develop two complimentary 
beams from common light. Bisulphide of carbon shows the 
phenomenon well, acting as glass would if the glass were stretched 
in the direction of the electrostatic lines of force. To try it with 
glass, holes are drilled in a plate and wires from an influence 
machine are inserted therein. The discharge being maintained 


through the glass it polarizes light. 
Synonym—Kerr Effect. 


Electrostatic Series. A table of substances arranged in the 
order in which they are electrostatically charged by contact, 
generally by rubbing against each other. The following series is due 
to Faraday. ‘The first members become positively excited when 
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: rubbed with any of the following members, and vice versa. The 

first elements correspond to the carbon plate in a galvanic battery 
the succeeding elements to the zinc plate. 
Cat, and Bear-skin—Flannel—Ivory—Feathers—Rock Crystal— 
Flint’ Glass—Cotton—Linen—Canvas—White Silk—the Hand= 
Wood—Shellac—the Metals (Iron—Copper—Brass—Tin—Silver— 


Platinum)—Sulphur. There are some irregularities. A feather 


lightly drawn over canvas is negatively electrified ; if drawn 
through folds pressed against it it is positively excited. Many 
other exceptions exist, so that the table is of little value. 


Electrostatic Stress. The stress produced upon a transparent 
medium in an electrostatic field of force by which it acquires 
double refracting or polarizing properties as regards the action of 
such medium upon light. (See Hlectrostatic Refraction.) 


Electro-therapeutics or Therapy. The science treating of 
the effects of electricity upon the animal system in the treat- 
ment and diagnosis of disease. 


Electrotonus. An altered condition of functional activity 
occurring in a nerve subj ected to the passage of an electric current. 
If the activity is decreased, which occurs near the anode, the state 


is one of anelectrotonus ; if the activity is increased which occurs 


near the kathode the condition is one of kathelectrotonus. 


Electrotype. The reproduction of a form of type or of an 
engraving or of the like by electroplating, for printing purposes. The 
form of type is pressed upon asurface of wax contained in a shallow 
box. The wax is mixed with plumbago, and if necessary some 
more is dusted and brushed over its surface and some iron dust is 
sprinkled over italso. A matrix or impression of the type is thus 
obtained, on which copper is deposited by electroplating, q. Vv. 


Element, Chemical. The original forms of matter that cannot 
be separated into constituents by any known process. They are 
about seventy in number. Some of the rarer ones are being added 
to or cancelled with the progress of chemical discovery. For their 
electric relations see Electro-chemical Equivalents—Llectro-chem- 
‘tical Series. 


‘The elements in entering into combination satisfy chemical 


affinity and liberate energy, which may take the form of electric 


energy as in the galvanic battery, or of heat energy, as in the 
combustion of carbon or magnesium. Therefore an uncombined 
element is the seat of potential energy. (See Energy, Potential.) 
‘In combining the elements always combine in definite proportions. 
A series of numbers, one being proper to each element which denote 
the smallest common multipliers of these proportions, are called 
equivalents. ‘Taking the theory of valency into consideration the 
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product of the equivalents by the valencies gives the atomic 
weights. ee 

Element, Mathematical. A very small part of anything, corre- 
sponding in a general way to a differential, as the element of a 
current. : . 

Element of a Battery Cell. The plates in a galvanic couple are 
termed elements, as the carbon and zinc plates in a Bunsen cell. 
The plate unattacked by the solution, as the carbon plate in the ~ 
above battery, is termed the negative plate or element, the one 
attacked, as the zinc plate, is termed the positive plate or element. 


Synonym—Voltaic Element. 

Elements, Electrical Classification of. This may refer to 
Electro-chemical Series, Blectrostatic Series, or Thermo-electric 
Series, all of which may be referred to. : | 


Element, Thermo-electric. One of the metals or other con- 
ductors making athermo-electric couple, the heating of whose 
junction produces electro motive force and a current, if on closed 
circuit. ‘The elements of a couple are respectively positive and 
negative, and most conductors can be arranged in a series accord- 
ing to their relative polarity. (See Thermo-electric Series.) 


Elongation. ‘The throw of the magnetic needle. (See Throw.) 
Synonym—tThrow. , 


Embosser, Telegraph. A telegraphic receiver giving raised 
characters on a piece of paper. It generally refers to an apparatus 























: Fig. 163. Morse RECEIVER. - 

of the old Morse receiver type, one using a dry point stylus, 
which pressing the paper into a groove in the roller above the 
paper, gave raised characters in dots and lines. 
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E. M. D. P. Abbreviation for “ electro-motive difference of 
potential”’ or for electro-motive force producing a current as dis- 
tinguished from mere inert potential difference. : 


E.M.F. Abbreviation for ‘‘ electro-motive force.” 





Fig. 164. ENnp-on Meruop. 


End-on Method. <A method of determining the magnetic 
moment of a magnet. The magnet under examination, V S, is 
placed at right angles to the magnetic meridian, 17 O FR, and point- 
ing directly at or ‘‘end on”? to the centre of a compass needle, z s. 
From the deflection @ of the latter the moment is calculated. 


Endosmose, Electric. The inflowing current of electric osmose. 
(See Osmose, Electric.) 


End Play. The power to move horizontally in its bearings 
sometimes given to armature shafts. This secures a more even 
wearing of the commutator faces. End play is not permissible in 
disc armatures, as the attraction of the field upon the face of the 
armature core would displace it endwise. For such armatures 
thrust-bearings preventing end play have to be provided. 


Energy. The capacity for doing work. . It is measured by work © 


units which involve the exercise of force along a path of some 
length. A foot-pound, centimeter-gram, and centimeter-dyne are 
units of energy and work. 


The absolute unit of energy is the erg, a force of one dyne exer- 
cised over one centimeter of space. (See Dyneé.) 

The dimensions of energy are force (M L/T?) x space (1) — M 
L’/I*. Energy may be chemical (atomic or molecular), mechan- 


ical, electrical, thermal, physical, potential, kinetic, or actual, and 
other divisions could be formulated. 


“ Energy, Atomic. The potential energy due to atomic 
relations set free by atomic change; a form of chemical energy, 
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use chemistry refers to molecular as well as to atomic changes. 2 
When atomic energy loses the potential form it immediately 


manifests itself in some other form, such as heat or electric energy. 


It may be considered as always being potential energy. (See 
Energy, Chemical.) } 

Energy, Chemical. A form of potential energy (see Energy, 
Potential) possessed by elements in virtue of their power of com- 
bining with liberation of energy, as in the combination of carbon 
with oxygen in afurnace; or by compounds in virtue of their 
power of entering into other combinations more satisfying to the 
affinities of their respective elements or to their own molecular 
affinity. Thus in a galvanic couple water is decomposed with 
absorption of energy, but itsoxygen combines with zinc with evolu- 
tion of greater amount of energy, so that ina voltaic couple the 
net result is the setting free of chemical energy, which is at once 
converted into electrical energy in current form, if the battery is 
on a closed circuit. 


Energy, Conservation of. A doctrine accepted as true that 
the sum of energy in the universe is fixed and invariable. This 
precludes the possibility of perpetual motion. Hnergy may be 
unavailable to man, and in the universe the available energy is 
continually decreasing, but the total energy is the same and never 
changes. . 

Energy, Degradation of. The reduction of energy to forms in 
which it cannot be utilized by man. Itinvolves the reduction of 


- potential energy to kinetic energy, and the reduction of kinetic 


energy of different degrees to energy of the same degree. Thus 
when the whole universe shall have attained the same temperature 
its energy will have become degraded or non-available. At present 
in the sun we have a source of kinetic energy of high degree, in 
coal a source of potential energy. The burning of all the coal 
will be an example of the reduction of potential to kinetic energy, 
and the cooling of the sun will illustrate the lowering in degree 
of kinetic energy. (See Exergy, Conservation of—LEnergy, Poten- 
tial—Energy, Kinetic.) — | 


Energy, Electric. The capacity for doing work possessed by 
electricity under proper conditions. Electric energy may be either 
kinetic or potential. As ordinary mechanical energy is a product 
of force and space, so electric energy is a product of potential differ- 
ence and quantity. Thus a given number of coulombs of elec- 
tricity in falling a given number of volts develop electric energy. 
The dimensions are found therefore by multiplying electric current — 
intensity quantity (Ml), by electric potential (M¥%L*/,/T’}, 
giving M 1/7/T’, the dimensions of energy in general as it should be. 

The absolute unit of electric energy in electro-magnetic measure 
is 10—' volt coulombs. 3 
































240 STANDARD ELECTRICAL DICTIONARY. 


The practical unit is the volt-coulomb. As the volt is equal to 10° 
absolute units of potential and the coulomb to 10-' absolute units 
of quantity, the volt-coulomb is equal to Io’ absolute units of 
energy. 

The volt-coulomb is very seldom used, and the unit of Hlectric 
Activity or Power (see Power, Electric), the volt-ampere, is uni- 
versally used. This unit is sometimes called the Watt, q. v., and 
it indicates the rate of expenditure or of production of electric 
energy. 

The storing up in a static accumulator or condenser ofa given 
charge of electricity, available for use with a given change of poten- 
tial represents potential electric energy. 

The passing of a given quantity through a conductor with a 
given fall of potential represents kinetic electric energy. 


In a secondary battery there is no storage of energy, but the 
charging current simply accumulates potential chemical energy in 
the battery, which chemical energy is converted into electric energy 
in the discharge or delivery of the battery. 


It is customary to discuss Ohm’s law in this connection ; it is 
properly treated under Electric Power, to which the reader is 
referred. (See Power, Electric.) 


Energy, Electric Transmission of. If an electric current 
passes through a conductor all its energy is expended in the full 
circuit. Part of the circuit may be an electrical generator that 
supplies energy as fast as expended. Part of the circuit may be a 
motor which absorbs part of the energy, the rest being expended in 
forcing a current through the connecting wires and through the 
generator. The electric energy in the generator and connecting 
wires is uselessly expended by conversion into heat. Thatin the 
motor in great part is utilized by conversion into mechanical 
energy which can do useful work. This represents the transmis- 
sion of energy. Every electric current system represents this 
operation, but the term is usually restricted to the transmission of 
comparatively large quantities of energy. 


A typical installation might be represented thus. Ata waterfall 
a turbine water wheel is established which drivesadynamo. From 
the dynamo wires are carried toa distant factory, wherea motor or 
several motorsare established, which receive current from thedyna- 
mo and drive the machinery. The same current, if there isenough 
energy, may be used for running lampsor electroplating. As elec- 
tric energy (see Energy, Electric,) is measured by the product of 
potential difference by quantity, a very small wire will suffice for 
the transmission of a small current at a high potential, giving a; 
comparatively large quantity of energy. It is calculated that the 
energy of Niagara Falls could be transmitted through a circuit of 
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iron telegraph wire a distance of over 1,000 miles, but a otenti 

: ) ) nt 
difference of 135,000,000 volts would be required, sonmetinias seis 
impossible to obtain or manage. 


Energy, Kinetic. Energy due to matter bein i 
motion. It is sometimes calledactual energy. The ae ee 
directly with the mass and with the square of the velocity. It is 

represented in formula by % m v’*, | 
SHO). is Actual Energy — Energy of Motion—DynamicEnergy. 

Energy, Mechanical. The energy due to mechanical change 

or motion, virtually the same as molar energy. (See Energy, 


Molar.) 


Energy, Molar. Sabie energy of masses of matter due to move- 
un ents of 2) posiions of matterin masses ; such as the kinetic energy 
of a pound or of a ton in motion, or the potenti 
pound at an elevation of one hundred feet. See 


Energy, Molecular. ‘The potential energy due i 
of molecules and set free by tes change a Hie wee or oes 
tion. It 1s potential for the same reason that applies to atomic 
and chemical energy, of which latter it is often aform, although itis 
often physical energy. The potential energy stored up in vaporization 
is physical and molecular energy ; the potential energy stored upin 
uncombined potassium oxide and water, or calcium oxide (quick- 
uimie) ene wee fe Hee ties and when either two substances are 
rou ogether kinetic, thermal i i 
Tae ee pe ee or heat energy is set free, as in 


Energy of an Electrified Body. An electrified impli 
the other two elements of a esudeniee Itis the seat pee 
free when discharged. (See Dielectric, Linergy of.) The two oppo- 
sitely charged bodies tend to approach. This tendency, together 
with the distances separating them, represents a potential energy. 


_ Energy of Stress. Potential energy due to stress, as the stretch- 
ing ofaspring. This is hardly a form of potential energy. A 
stressed spring is merely in a position to do work at the expense 
of its own thermal or kinetic energy because it is cooled in doing 
work. If it possessed true potential energy of stress it would not 
be so cooled. : 


Energy of Position. Potential energy due to position, as the 


potential energy of a pound weight raised ten f 
(See Energy, Potential.) g ed ten feet (ten foot lbs.). 


Energy, Physical. The potential energy stored up i 48 
En é ¢ in ph 
position or set free in physical change. Thusa vapor oe Boe 
energy in its vaporization, which is potential energy, and appears 
as heat energy when the vapor liquefies. 


Energy, Potential, or Static Energy. The capacity for doing 


work in a system due to advantage of position or other cause, such 
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as the stress of a spring. A pound weight supported ten feet 
above a plane has ten foot lbs. of potential energy of position 
referred to that plane. A given weight of an elementary substance 
represents potential chemical energy, which will be liberated as 
actual energy in its combination with some other element for 
which it has an affinity. Thus a ton of coal represents a quantity 
of potential chemical energy which appears 1n the kinetic form of 
thermal energy when the coal is burning ina furnace. A charged 
Leyden jar represents a source of potential electric energy, which 
becomes kinetic heat energy as the same is discharged. | 


Energy, Thermal. A form of kinetic molecular energy due to 
the molecular motion of bodies caused by heat. 


Entropy. Non-available energy. As energy may in some 
way or other be generally reduced to heat, it will be found that 
the equalizing of temperature, actual and potential, in a system, 
while it leaves the total energy unchanged, makes itall unavailable, 
because all work represents a fall in degree of energy ora fall in 
temperature. But in a system such as described no such fall could 
occur, therefore no work could be done. The universe is obviously 
tending in that direction. On the earth the exhaustion of coal 
is in the direction of degradation of its high potential energy, so 
that the entropy of the universe tends to zero. (See Znergy, Degra- 
dation of-) ; — | 


A 
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Entropy, Electric. Clerk Maxwell thought it possible to recog- 
nize in the Peltier effect, q. v., a change in entropy, a gain OF loss 


according to whether the thermo-electric junction was heated — 


or cooled. This is termed Electric Entropy. (See ENEerZy, 
Degradation of.) 7 
Epinus’ Condenser. Two circular brass plates, A and B, are 


; d towards 
mounted on insulating supports, and arranged to be move 
or away from each other as desired. Between them is a plate of 








jar was invented. 





~ 


STANDARD ELECTRICAL DICTIONARY. 243 
glass, C, or other dielectric. Pith balls may be suspended back of 
each brass plate as shown. The apparatus is charged by connecting 
one plate to an electric machine and the other to the earth. ‘The 





Fig. 166. Epinus’ ConpENSER. 


capacity of the plate connected to the machine is increased by 
bringing near to it the grounded plate, by virtue of the principle of 
bound charges. This apparatus is used to illustrate the prin- 
ciples of the electric condenser. . It was invented after the Leyden 


E.P.S. Initials of Electrical Power Storage; applied to a t 
of secondary battery made by a company pecre that title. ee 





<a 
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Fig. 167. Cam EqQuatizmr. 


Equalizer. In electro-magnetic mechanism an arrangement 
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for converting the pull of the electro-magnet varying in intensity 
greatly over its range of action, into a pull of sensibly equal strength 
throughout. The use of a rocking lever acting as a cai, with 
leverage varying as the armature approaches or recedes from the 
magnet core is one method of effecting the result. Such is shown 
in the cut. Z is an electro-magnet, with armature a. A and B 
‘are the equalizer cams. The pull on the short end of the cam B is 
sensibly equal for its whole length. 
Many other methods have been devised, involving different 
shapes of pole pieces, armatures or mechanical devices other than 
the one just shown. 


Equipotential. adj. Equal in potential; generally applied to 
surfaces. Thus every magnetic field is assumed to be made up of 
lines of force and intersecting those lines, surfaces, plane, or more 
or less curved in contour, can be determined, over all parts of 
each one of which the magnetic intensity will be identical. 
Fach surface is the locus of equal intensity. The same type of 
surface can be constructed for any field of force, such as an electro- 


static field, and is termed an equipotential surface. 
Equipotential Surface, Electrostatic. A surface in an electro- 


static field of force, which is the locus of all points of a given poten- - 


Py 


tial in such field ; a surface cutting all the lines of force at a point 
of identical potential. Lines of force are cut perpendicularly by 
an equipotential surface, or are normal thereto. 

Equipotential Surface, Magnetic and Electro-magnetic. A 
surface bearing the same relation to a magnetic or electro-magnetic 
field of force that an electrostatic equipotential surface (see fequt- 
potential Surface, Electrostatic,) does to an electrostatic field of 
force. ) ‘ae. 
Equivalent, Chemical. The quotient obtained by dividing the 
atomic weight of an element by its valency. 


Equivalents, Electro-chemical. The weight of any substance 


set free by one coulomb of electricity. The following give some ~ 


equivalents expressed in milligrams : 


Hydrogen -O105 Mercury (mercurous) 2.10 
Gold .6877 Iron (ferric) -1964 
Silver 1.134 Iron (ferrous) 294 
Copper (cupric) 3307 Nickel 3098 
Mercury (mercuric) 1.05 Zinc 3413, 
Lead 1.0868 Chlorine 3728 
Oxygen .084 


Equivalent, Electro-mechanical. The work or energy equiv- 
alent to unit quantities of electric energy, q. V-; OF equivalent to a 
unit current in a conductor whose ends differ one unit of potential. 
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The unit of electric energy taken is the watt-second or volt-cou- 
lomb. One volt-coulomb is equal to 


Ergs Io! Foot Pound 
Gram-degree C. .24068 Horse P 19183) 
Pound-degree F. eooces ower Second .0013406 


One horse power is equal to 745.943 volt coulombs per second. 


Equivalent, Electro-thermal. The heat produced by a unit. 


‘current passing through a conductor with unit difference of poten- 

tial at its ends; the heat equivalent of a volt-coulomb ee ett 

second. It is equal to Gram-degree C. -24068 : 
Pound-degree F. = .000955 


Equivalent, Thermo-chemical. The calories evolved by the 
combination of one gram of any substance with its equivalent of 
another substance being determined, the product obtained by mul- 
tiplying this number by the equivalent (atomic or molecular 
weight — valency) of the first element or substance is the thermo- 
chemical equivalent. If expressed in kilogram calories, the 
product of the thermo-chemical equivalent by 0.43 gives the ‘volt- 
age required to effect such decomposition. 


The following are thermo-chemical equivalents of a few com- 


.pinations: 


Water 34.5 Zinc oxide 43.2 
Iron protoxide 34.5 Iron Sesquioxide 31.9 X 3 
Copper oxide 19.2 


Equivolt. ‘‘ The mechanical energy of one volt electro-motive 
force exerted under unit conditions through one equivalent of 


chemical action in grains.” (J. T. Sprague.) This unit is not in 


general use as the unit of electric energy, the volt-coulomb 
(for rate of electric energy) the volt-am pere being always used. 2S 


Erg. The absolute or fundamental C. G. S. unit of work or 


energy. The work done or energy expended in movin 
| through one centimeter against a reestanee of one ayie ga body 


Erg-ten. Ten millions of ergs, or ten meg-ergs. 
Escape. A term applied to leakage of current. 
Etching, Electric. A process of producing an etched plate. 


: The plate is coated with wax, and the desi i 
| , gn traced through asi 
common etching. Itis then placed in a bath and is Sonnecied a 


the positive terminal from a generator, who ive is i 

; se negative is 1m- 
mersed in the same bath, so that the metal is dissolved be aecuol tie 
Beuon. By aching ie the other terminal and using a plating 
ath, a rough relief plate may be secured, b ition in 
lines of metal by diectroplacnie: ee ye ea 


Synonym—Hlectric Engraving. 
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Ether. ‘The ether is a hypothetical thing that was invented to 
explain the phenomena of light. Light is theoretically due to 
transverse vibrations of the ether. Since the days of Young the 
conception of the ether has extended, and now light, ‘“‘radiant hea so 
and electricity are all treated as phenomena of the ether. Elec- 
trical attraction and repulsion are explained by considering them 
due to local stresses in the ether ; magnetic phenomena as due to 
local whirlpools therein. The ether was originally called the 
luminiferous ether, but the adjective should now be dropped. Its 
density is put at 936X to! that of water, or equal to that of 
the atmosphere at 210 miles above the earth’s surface. Its rigidity 
is about 10—® that of steel (see Ten, Powers of); asa whole it is 
comparable to an all-pervading jelly, with almost perfect elas-_ 

ticity. The most complete vacuum is filled with ether. 


All this is a hypothesis, for the ether has never been proved to ~ 


exist. Whether gravitation will ever be explained by it remains 
to be seen. 


Eudiometer. A graduated glass tube for measuring the volumes 
of gases. In itssimplest form it is simply acylindrical tube, with a 
scale etched or engraved upon it, closed at one end and open at the 
other. The gas to be measured is collected in it over a liquid, 
generally water, dilute sulphuric acid in the gas voltameter, or 
mercury. Many different shapes have been given them by Hoff- 
mann, Ure, Bunsen and others. 


Evaporation, Electric. The superficial sublimation or evapora 
tion of a substance under the influence of negative electricity. It 
is one of the effects investigated by Crookes in his experiments 
with high vacua. He found that when a metal, even so infu- 
sible as platinum, was exposed to negative electrification in one of 
his high vacuum tubes, that it was volatilized perceptibly. A cad- 
mium electrode heated and electrified negatively was found to 
give a strong coating of metal on the walls of the tube. .Even in 
the open air the evaporation of water was found to be accelerated 
by negative electrification. 


Exchange, Telephone. The office to which telephone wires 
lead in a general telephone system. In the office by a multiple 
switch board, or other means, the different telephones are inter- 
connected by the office attendants, so that any customers who 
desire it may be put into communication with each other. The 
exchange is often termed the Central Office, although it may be 


only a branch office. | 

Excitability, Faradic. The action produced in nerve or 
muscle of the animal system by an alternating or intermitting high 
potential discharge from an induction coil. 
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Excitability, Galvanic. Thesame as Faradic excitability 
. except 
that it refers to the effects of the current from a galvanic pe 


Excitability of Animal System, Electric. The susceptibility 
of a nerve or muscle to electric current shown by the effect pro- 
duced by its application. 


Exciter. A generator used for exciting the field magnet of a 
dynamo. In alternating current dynamos, e. g., of the Westing- 
house type, a special dynamo is used simply to excite the field 
magnet. In central station distribution the same is often done for 
direct current dynamos. | 


Exosmose, Electric. The outflowing current of electric osmose. 
(See Osmose, Electric.) 


_Expansion, Coefficient of. The number expressing the propot- 
tional increase 10 size, either length, area or volume, of asubstance 
under the influence generally of heat. There are three sets 
of coefficients, (1) of linear expansion, (2) of superficial expansion 
(3) of cubic expansion or expansion of volume. The first and 
third are the only ones much used. They vary for different sub- 
stances, and for the same substance at different temperatures. They 
are usually expressed as decimals indicating the mixed number 
referred to the length or volume of the body at the freezing point 
as unity. 


Expansion, Electric. (a) The increase in volume of a con- 
denser, when charged electrostatically. A Leyden jar expands 
when charged, and contracts when discharged. 


(4) The increase in length of a bar of iron when magnetized. 
This is more properly called magnetic expansion or magnetic 
elongation. | 


Exploder. (az) A small magneto-generator for producing a 
current for heating the wire in an electric fuse of the Abel type 
(see Luse, Electric), and thereby determining an explosion. 


(6) The term may also be applied to a small frictional or influ- 
ence machine for producing a spark for exploding a spark fuse. 


Explorer. A coil, similar to a ma netizing coil th 
Magnetizing), used for investigating the Tee ee aaa 
and for similar purposes. If placed around an electro-magnet and 
connected with a galvanometer, it will produce a deflection, owing 
to a momentary induced current, upon any change in the magnet 
such as removing or replacing the armature. Itis useful in deter- 
mining the leakage of lines of force and for generalinvestigations 
of that nature. It is often called an exploring coil. Hughes’ In- 


duction Balance (see Juduction Balance, Hughes’) is sometimes 


called a Magnetic Explorer. The exploring coil may be putin 
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circuit with a galvanometer for quantitative measurements or with 
a telephone for qualitative ones. 


Extension Bell Call. A system of relay connection, q. v-, by 
which a bell is made to continue ringing after the current has 
ceased coming over the main line. It is designed to prolong 
the alarm given by a magneto call bell, q. v., which latter only 
rings as long as the magneto handle is turned. A vibrating elec- 
tric bell (see Bell, Electric,) is connected in circuit with a local 
battery and a switch normally open, but so constructed as to close 
the circuit when a current is passed and continue to do so indefin- 
itely. The distant circuit is connected to this switch. When 
the magneto is worked it acts upon the switch, closes the local bat- 
tery circuit and leaves it closed, while the bell goes on ringing 
until the battery is exhausted or the switch is opened by hand. 


Eye, Electro-magnetic. An apparatus used in exploring a field 
of electro-magnetic radiations. It is a piece of copper wire 2 milli- 
meters (.08 inch) in diameter, bent into an almost complete circle 
70 millimeters (.28 inch) in diameter, with terminals separated by 
an air gap. This is moved about in the region under examination, 
and by the production of a spark indicates the locality of the loops 
or venters in systems of stationary waves. | 


F. Abbreviation for Fahrenheit, as 10° F., meaning 10° Fahren- 
heit. (See Fahrenheit Scale.) 


Fahrenheit Scale. A thermometer scale in use in the United 
States and England. On this scale the temperature of melting ice 


is 32°; that of condensing steam is 212°; thedegrees are all of equal - 


length. Its useis indicated by the lette: F., as 180° F. To con- 
vertitsreadings into centigrade, subtract 32 and multiply by 5/9. 
(6) To convert centigrade into F. multiply by 9/5 and add 32. Thus 
180° F. = (180—32) X 5/9 C. = 822,C. Again 188° C. = (180 -- 9/5) 
+ 32 = 324° KF. The additions and subtractions must be algebraie 
in all cases. ‘Thus when the degrees are minus or below zero the 











rules for conversion might be put thus: To convert degrees F. — 


below zero into centigrade to the number of degrees F. add 32, 
multiply by 5/9 and place a minus sign (—) before it. — (6) To con- 
vert degrees centigrade below zero into Fahrenheit, multiply the 
number ofdegrees by 9/5, subtract from 32 if smaller; if greater than 
32 subtract 32 therefrom, and prefix a minus sign, thus: — 10° C. 
— 32— (10 X 9/5) = 14°. Again, — 30°C. = (30 X 9/5) — 32 = 
22 —=— 22° F. 

Farad. ‘The practical unit of electric capacity; the capacity 
ofa conductor which can retain one coulomb of electricity at a 
potential of one volt. 3 


The quantity of electricity charged upon a conducting surface 
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raises its potential; therefore a conductor of one farad capacity 
can hold two coulombs at two volts potential, and three coulombs 
at three volts, and so on. The electric capacity of a conductor, 
therefore, is relative compared to others as regards its charge, for 
the latter may be as great as compatible with absence of sparking 
and disruptive discharge. In other words, a one farad or.two farad 
conductor may hold a great many coulombs. Charging a conductor 
with electricity is comparable to pumping air into a receiver. 
Such a vessel may hold one cubic foot of airat atmospheric pressure 
and two at two atmospheres, and yet be of one cubic foot capacity 
however much air is pumped into it. 

The farad is equal to one fundamental electrostatic unit of capacity 
multipliedby 9 X 10” and to one electro-magnetic unitmutiplied 
by 10’. 

The farad although one of the practical units is far toolarge, so the 
micro-farad is used in its place. The capacity of a sphere the size 
of the earth is only 75$2qo of a farad. 


Faraday, Effect. The effect of rotation of its plane produced 
upon a polarized beam of light by passage through a magnetic 
field. (See Magnetic Rotary Polarization.) : 


Faraday’s Cube. To determine the surface action of a charge, 
Faraday constructed a room, twelve feet cube, insulated, and lined 
with tinfoil. ‘This room he chasged to a high potential, but within 
it he could detect no excitement whatever. The reason was because 
the electricity induced in the bodies within the room was exactly 
equal to the charge of the room-surface, and was bound exactly by it. 
The room is termed Faraday’s cube. 


Faraday’s Dark Space. A non-luminous space between the 
negative and positive glows, produced in an incompletely exhausted 
tube through which a static discharge, as from an induction coil, is 
produced. Itis perceptible ina rarefaction of 6 millimeters (.24 inch) 
and upwards. If the exhaustion is very high a dark space appears 
between the negative electrode and its discharge. This is known 
as Crookes’ dark space. 


Faraday’s Disc. A disc of any metal, mounted so as to be sus- 
ceptible of rotation in a magnetic field of force, with its axis 
parallel to the general direction of the lines of force. A spring 
bears against its periphery and another spring against its axle. 
‘When rotated, if the springs are connected by a conductor, a current 
is established through the circuit including the disc and conductor. 
The radius of the disc between the spring contacts represents a 
conductor cutting lines of force and generating a potential differ- 
ence, producing a current. If a current is sent through the motion- 
less wheel from centre to periphery it rotates, illustrating the 
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doctrine of reversibility. As amotor it is called Barlow's or Stur- 


geon’s Wheel. If the disc without connections is rapidly rotated — 


it produces Foucault currents, q. v., 
within its mass, which resist its rotation 
and heat the disc. 


Faraday’s Net. An apparatus for 
showing that the electric charge resides 
on the surface. It consists ofa net, 
- conical in shape and rather deep, to 
whose apex two threads, one on each 
side, are attached. Its mouth is fast+ 
ened to a vertical ring andthe whole is 
mounted on an insulating support. 


It is pulled out to its full extent and 
is electrified. No charge can be detected 
inside it. By pulling one of the threads 
. it is turned with the other side out. 
' Now all the charge is found on the out- 
side just as before, except that it is of 

course on the former inside surface of 
Fig. 168. “*Farapay’s Net.” the bag. The interiorshows no charge. 





Faraday’s Transformer. ‘The first transformer. It was made 
by Michael Faraday. It was a ring of soft iron % inch thick, 
and 6 inches in external diameter. It was wound with bare wire, 
calico being used to prevent contact of the wire with the ring and 
of the layers of wire with each other, while twine was wound 
between the convolutions to prevent the wires from touching. 
Seventy-two feet of copper wire, <5 inch diameter, were wound in 
three superimposed coils, covering about one-half of the ring. On 
the other half sixty feet of copper wire were wound in two super- 
imposed coils. Faraday connected his coils in different ways and 
used a galvanometer to measure the current produced by making 
and breaking one of the circuits used as a primary. | 


The coil is of historic interest. 


Faraday’s Voltameter. A voltameter, in which the coulombs of 
current are measured by the volume of the gas evolved from acidu- 
lated water. (See Voltameter, Gas.) 


Faradic. adj. Referring to induced currents, produced from 
induction coils. As Faraday was the original investigator of the 
phenomena of electro-magnetic induction, the secondary or 
induced electro-magnetic currents and their phenomena and 
apparatus are often qualified by the adjective Faradic, especially in 
electro-therapeutics. A series of alternating electrostatic dis- 
charges, as from an influence machine (Holtz), are sometimes called 
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Franklinic currents. hey are virtually Faradic, except as 
regards their production. 


Faradic Brush. A brush for application of electricity to the 
person. It is connected as one of the electrodes of an induction 
coil or magneto generator. For bristles wire of nickel plated 
copper is generally employed. 


Faradization. In medical electricity the analogue of galvan- 
ization; the effects due to secondary or induced currents; galvan- 
ization referring to currents from a galvanic battery; also the process 
of application of such currents. : 


Faults. Sources of loss of current or of increased resistance or 
other troubles in electric circuits. 


Feeder. A lead in an electric central station distribution 
system, which lead runs from the station to some point in the dis- 
trict to supply current. Itis not used for any side connections, 
but runs direct to the point where current is required, thus ‘‘ feed- 


ing’ the district directly. In the two wire system a feeder may 


be positive or negative ; in the three wire system there is also a 
neutral feeder. Often the term feeder includes the group of two 
or of three parallel lines. 


Feeder Equalizer. An adjustable resistance connected in cit- 
cuit with a feeder at the central station. The object of the feeder 
being to maintain a definite potential difference at its termination, 
the resistance has to be varied according to the current it is called 
on to carry. 


Feeder, Main or Standard. The main feeder of a district. 
The standard regulation of pressure (potential difference between 
leads) in the district is often determined by the pressure at the end 
of the feeder. 


Feeder, Negative. ‘The lead or wire in a set of feeders, which 


is connected to the negative terminal of the generator. 


Feeder, Neutral. In the three wire system the neutral wire ina 
set of feeders. It is often made of less diameter than the positive 
and negative leads. 


Feeder, Positive. The lead or wire in aset of feeders, which 
wire is connected to the positive terminal of the generator. 


Ferranti Effect. An effect as yet not definitely explained, 
observed in the mains of the Deptford, Eng., alternating current 
plant. It is observed that the potential difference between the 
members of a pair of mains rises or increases with the distance the 
place of trial is from the station. 
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Ferro-magnetic. adj. Paramagnetic; possessing the magnetic 


polarity of iron. 


Fibre and Spring Suspension. A suspension of the galvanom- 
eter needle used in marine galvanometers. The needle is sup- 
ported at its centre of gravity by a vertically stretched fibre 
attached at both its ends, but witha spring intercalated between the 
needle and one section of the fibre. 


Fibre Suspension. Suspension, as of a galvanometer needle, 


by a vertical or hanging fibre of silk or cocoon fibre, or a quartz 
fibre. (See Quartz.) 


This suspension, while the most delicate and reliable known, is 
very subject to disturbance and exacts accurate levelling of the 
instrument. 


Fibre suspension is always characterized by a restitutive force. 
Pivot suspension, q. v., on the other hand, has no such force. 


Field, Air. A field the lines of force of which pass through 
air; the position of a field comprised within a volume of air. 


Field, Alternating. Polarity or direction being attributed to 
lines of force, if such polarity is rapidly reversed, an alternating 
field results. Such field may be of any kind, electro-magnetic or 
electrostatic. In one instance the latter is of interest. It is sup- 
posed to be produced by high frequency discharges of the secondary 
of an induction coil, existing in the vicinity of the discharging 
terminals. : | 


Field Density. Field density or density of field is expressed in 
lines of force per unit area of cross-section perpendicular to the 
lines of force. 3 


Field, Distortion of. The lines of force reaching from pole to 
pole of an excited field magnet of a dynamo are normally symmet- 
rical with respect to some axis and often with respect to several. 
They go across from pole to pole, sometimes bent out of their 
course by the armature core, but still symmetrical. The presence 
of a mass of iron in the space between the pole pieces concentrates 
the lines of force, but does not destroy the symmetry of the field. 


When the armature of the dynamo is rotated the field becomes 
distorted, and the lines of force are bent out of their natural shape. 
The new directions of the lines of force are a resultant of the lines 
of force of the armature proper and of the field magnet. For 
when the dynamo is started the armature itself becomes a magnet, 
and plays its part in forming the field. Owing to the lead of the 
brushes the polarity of the armature is not symmetrical with that 
of the field magnets. Hence the compound field shows distortion, 
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atically the distortion of field in a 
The arrow denotes the direction of 
* * * indicate points of north and 





Fig. 169. 


DistrorRTION OF FIELD IN A RinG ARMATURE OF AN ACTIVE DyYNAMO. 


south polarity respectively. The distorted lines must be regarded as 
resultants of the two induced polarities 


ofthe armature, one polarity 
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with determining the amount and degree of distortion. In the 
case of the ring armature it will be seen that some of the lines of 
force within the armature persist in their polarity and direction, 
almost as induced by the armature windings alone, and leak 
across without contributing their quota to the field. ‘Two such 
lines are shown in dotted lines. 

In motors there is a similar but a reversed distortion. 


Field, Drag of. When a conductor is moved through a field so 
that a current is generated in it, the field due to that current blends 
with the other field and with its lines of ‘force, distorting the field, 
thereby producing a drag upon its own motion, because lines of 
force always tend to straighten themselves, and the straightening 
would represent cessation of motion in the conductor. ‘This ten. 
dency to straightening therefore resists the motion of the conduc- 
tor and acts a drag upon it. 


Field of Force. The space in the neighborhood of an attracting 
or repelling mass or system. Of electric fields of force there are two 
kinds, the Electrostatic and the Magnetic Fields of Force, both of 
which may be referred to. A field of force may be laid out asa 
collection of elements termed Lines of Force, and this nomenclature 
is universally adopted in electricity. The system of lines may be 
so constructed that (a) the work done in passing from one equipo- 
tential surface to the next is always the same; or (6) the lines of 
force are so laid out and distributed that ata place in which unit 
force is exercised there is a single line of force passing through the 
corresponding equipotential surface in each unit of areaof thatsur- 
face. The latter isthe universal method in describing electric 
fields. It secures the following advantages :—First: The potential 
at any point in the field of space surrounding the attracting or 
repelling mass or masses is found by determining on which 
imaginary equipotential surface that point lies. Second: If unit- 
length of a line of force cross z equipotential surfaces, the mean 


force along that line along the course of that part of it is equal to a — 


units ; for the difference of potential of the two ends of that part of 
_ the line of force =; itis also equal to Fs (F = force), because 
it represents numerically a certain. amount of work ; but s=—1, 
whence 7 —F. Third: The force at any part of the field corre- 
sponds to the extent to which the lines of force are crowded 
together ; and thence it may be determined by the number of lines 
of force which pass through a unit of area of the corresponding 
equipotential surface, that area being so chosen as to comprise the 
point in question. (Daniell.) 


Field of Force, Electrostatic. The field established by the 
attracting, repelling and stressing influence of an electrostatically 
_ charged body. It is often termed an Electrostatic Field, (See 
Field of Force.) ? 
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i tablishes a field of 
- Field of Force of a Current. A current esta 
force around itself, whose lines of force form circles with their 
centres on the axis of the current. The cut, Fig. 172, shows the 
relation of lines of force to current. 
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Fig. 172. DIAGRAM OF FIELD 
oF FoRCE SURROUNDING AN 
ACTIVE CONDUCTOR. 


Fig. 171. ExpERIMENT SHOWING LINES 
OF FORCE SURROUNDING AN ACTIVE 
ConpDucTor. F 

The existence of the field is ony, sONe Disne ae a son es 

rtically through a horizontal card. On causif 
Bir ough the rine the field is formed, and iron filings croppee pen 
the card, tend, when the latter is gently tapped, to take the form o 


circles. ‘The experiment gives a version of the well-known mag- 


netic figures, q. ve See Fig. 171. 





Fig. 173. Line or Force Dour Ey A Coe SHOWING THE MAGNETIC 
The cut shows by the arrows the relation of directions of oo 
to the direction of the lines of force, both being assumptions, an 
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merely indicating certain fixed relations, corresponding exactly to 
the relations expressed by the directions of electro-magnetic or 
magnetic lines of force. 


Field, Pulsatory. A field produced by pulsatory currents. By 
induction such field can produce an alternating current. 


Field, Rotating. In a dynamo the field magnets are sometimes 
rotated instead of the armature, the latter being stationary. In 
Mordey’s alternator the armature, nearly cylindrical, surrounds the 
field, and the latter rotates within it, the arrangement being nearly 
the exact reverse of the ordinary one. This producesa rotating field. 


Field, Rotatory. A magnetic field whose virtual poles keep 
rotating around its centre of figure. If two alternating currents 
differing one quarter period in phase are carried around four mag- 
netizing coils placed and connected in sets of two on the same 
diameter and at right angles to each other, the polarity of the sys- 
tem will bea resultant of the combination of their polarity, and 
the resultant poles will travel round and round ina circle. In such 


a field, owing to eddy currents, masses of metal, journaled like an - 


armature, will rotate, with the speed of rotation of the field. 


Field, Stray. ‘The portion of a field of force outside of the reg- 
ular circuit; especially applied to the magnetic field of force of 
dynamos expressing the portion which contributes nothing to the 
current generation. 


Synonym—Waste Field. 
Field, Uniform. A field of force of uniform density. (See 
Field Density.) 


Figure of Merit. In the case of a galvanometer, a coefficient 
expressing its delicacy. Itis the reciprocal of the current required 


to deflect the needle through one degree. By using the reciprocal - 


the smaller the current required the larger is the figure of merit. 
The same term may be applied to other instruments. 


It is often defined as the resistance ofa circuit through which 
one Daniell’s element will produce a deflection of one degree on 
‘the scale of the instrument. ‘The circuit includes a Daniell’s cell 
of resistance 7, a rheostat R, galvanometer G and shunt S. Assume 
that with the shunt in parallel a deflection of @ divisions is 
obtained. The resistance of the shunted galvanometer is GS/G+$ ; 
the multiplying power m of the shunt is S-+G/S; the formula or 
figure of meritis md (v+R-+GS/G-+S). . 

The figure of merit is larger as the instrument is more sensitive. 

Synonym—Formula of Merit. 


Filament. A thin long pieceofasolidsubstance. In general itis 
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so thin as to act almost like a thread, to be capable of standing con- 
siderable flexure. The distinction between filament and rod has 
been of much importance in some patent cases concerning incan- 
descent lamps. As used by electricians the term generally applies 
to the carbon filament of incandescent lamps. ‘This as now made 
has not necessarily any fibres, but is entitled to the name of fila- 
ment, partly by convention, partly by its relative thinness and want 
of stiffness. (See /ucandescent Lamps—Magnetic Filament.) 


Fire Alarm, Electric, Automatic. A system of telegraph cir- 
cuits, at intervals supplied with thermostats or other apparatus 
affected by a change of temperature, which on being heated closes — 
the circuit and causes a bell to ring. (See 7hermostat.) 


Fire Alarm Telegraph System. A system of telegraphic lines 
for communicating the approximate location of a fire to a central 
station and thence to the separate fire-engine houses ina city or 
district. It includes alarm boxes, distributed at frequent intervals, 
locked, with the place where the key is kept designated, or in some 
systems left unlocked. On opening the door of the box and pull- 
ing the handle or otherwise operating the alarm, a designated 
signal is sent to the central station. From this it is telegraphed 
by apparatus worked by the central station operator to the engine 
houses. The engines respond according to the discipline of the 
service. 


Fire Cleansing. Freeing the surface of an article to be plated 
from grease by heating. 


Fire Extinguisher, Electric, Automatic. A modification of 
the electric fire alarm (see /7re Alarm, Electric, Automatic), in 
which the thermostats completing the circuits turn on water 
which, escaping through the building, is supposed to reach and 
extinguish a fire. 


Flashing in a Dynamo or Magneto-electric Generator. Bad 
adjustment of the brushes at the commutator, or other fault of 
construction causes the production of voltaic arcs at the com- 
mutator of a generator, to which the term flashing is applied. 


Flashing of Incandescent Lamp Carbons. A process of treat- 
ment for the filaments of incandescent lamps. The chamber 
before sealing up is filled with a hydro-carbon vapor or gas, such 
as the vapor of 4 very light naphtha (rhigolene). A current is then 
passed through the filament heating it to redness. The more 
attenuated parts or those of highest resistance are heated the 
highest, and decompose most rapidly the hydro-carbon vapor, 
graphitic carbon being deposited upon these parts, while hydrogen 
is set free. This goes on until the filament is of uniform resistance 
throughout. it gives alsoa way of making the resistance of the 
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filament equal to any desired number of ohms, provided it is 
originally of high enough resistance. The process increases the 
conductivity of the filament. | 


After flashing the chambers are pumped out and sealed up. 


Flashing Over. A phenomenon observed in high potential 
dynamos. Ona sudden alteration of the resistance of the circuit a 
long blue spark will be drawn out around the surface of the com- 
mutator from brush to brush. The spark is somewhat of the nature 
of an arc, and may seriously injure commutators whose sections 
are only separated by mica, or other thin insulation. In the case 
of commutators whose sections are separated by air spaces it is not 

so injurious. 


Flats. Inacommutator of a dynamo, the burning or wearing 
away of a commutator segment to a lower level than the rest.. 
Sometimes two adjacent bars will be thus affected, causing a flat 
place on the commutator. It is not always easy to account for the 
formation of flats. ‘They may have their origin in periodic vibra- 
tions due to bad mounting, or to sparking at the particular point. 


Floor Push. A press or push button constructed to be set into 
the floor to be operated by pressing with the foot. It is used to 
ring an alarm bell, sound a buzzer or for similar service. 


Fluid, Depolarizing. A fluid used in voltaic batteries to dis- 
pose of the hydrogen, which goes to the negative plate. This it 
does by oxidizing it. Chromic acid, nitric acid, and chloric acids 
are among the constituents of liquid depolarizers. (See A/ectro- 
poton Flutd.) 


Fluid, Electric. The electric current and charge have some- 
times been attributed toa fluid. Thetheory, which never was much 
more than hypothetical, survives to some extent in the single and 
double fluid theory. (See Single Fluid Theory—Double Fluid 
Theory.) 


Fluorescence. The property of converting ether waves of one 
length, sometimes of invisible length, into waves of another 
length (visible). Adsculin, quinine salts, uranium glass and other 
substances exhibit this phenomenon. The phenomenon is utilized 
in the production of Geissler tubes. 


Flush Boxes. A heavy iron box covered with a heavy hand 
plate and laid flush (whence the name), or even with the surface 
of aroadway. Into it conductors of an underground system lead, 
and itis used to make connections therewith and for examining 
the leakage of the conductors and for similar purposes. It is a 
‘¢man-hole’’ (q. v.) in miniature. 
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Fluviograph. An electric registering tide gauge or water level 
gauge. | 

Fly or Flyer, Electric. A little wheel, ordinarily poised on a 
point, like a compass needle. It carries several tangentially 
directed points, all pointing in the same sense. When connected 
with a soutce of electricity of high potential it revolves by reac- 
tion. ‘The tension of its charge is highest at the points, the air 
there is highly electrified and repelled, the reaction pushing the 
wheel around like a Barker’s mill or Hero’s steam engine. Some- 
times the flyer is mounted with its axis horizontal and across the 
rails on a railroad along which it travels. 


Synonym—Reaction Wheel. 


Foci Magnetic. The two points on the earth’s surface where the © 
magnetic intensity is greatest. They nearly coincide in position 
with the magnetic poles. 


Fog, Electric. Fogs occurring when the atmosphere is at 
unusually high potential and accompanied by frequent change of 
such polarity. 


Following Horns. In dynamo-electric machines the projecting 
ends of the pole pieces towards which the outer uncovered peri- 
meter of the armature turns in its regular operations. The leading 
horns are those away from which the armature rotates. In consid- 
ering rotation the exposed portion of the superficies of the arma- 
ture is considered. The definition would have to be reversed if 
the part facing the pole pieces were considered. 


Synonym—Trailing Horns. 


Foot-candle. A unit of illuminating power; the light given by - 
one standard candle at adistance of one foot. The ordinary units 
of illuminating power are entirely relative; this is definite. It is 
due to Carl Herring. 


_Foot-pound. A practical unit of work or energy. The quan- 
tity of work required to raise a pound one foot, or one hundred 
pounds one-hundredth of a foot, and so on; or the potential energy 


represented by a weight at an elevation under these conditions. 


_ Foot-step. In a dynamo with armature at the lower end of 
its field magnets, the plate generally of zinc, interposed between it 
and the iron base plate to prevent the leakage of lines of force 
outside of the circuit. Any dia-magnetic material which is 
mechanically suitable may be used. : 


Force. . Force may be variously defined. (a) Any cause of 
change of the condition of matter with respect to motion or rest. 
(6) A measurable action upon a body under which the state of 
rest of that body, or its state of uniform motion in a straight line. 
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suffers change. (c) It may be defined by its measurement as the 
rate of change of momentum, or (d) as the rate at which work is 
done per unit of space traversed. , 

Force is measured by the acceleration or change of motion it 
can impart to a body of unit mass in a unit of time, or, calling force, 
F,—mass, m—and acceleration per second a—we have F=m a. 

The dimensions of force are mass (M) X acceleration (L/T’) = 
ML/T”. 3 

Force de Cheval. Horse power (French). It is the French or 
metric horse power. 

It is equal to: 


542.496 Foot lbs. per second. 
.9864 English Horse Power. 
75 Kilogram-meters per second. 


Force, Electro-magnetic. The mechanical force of attraction or 
repulsion acting on the electro-magnetic unit of quantity. Its 
intensity varies with the square of the distance. It may also be 
defined as electric force in the electro-magnetic system. 


Its dimensions are equal to mechanical force (ML,/T”) divided by 
quantity (M12) = M3L2/T°. 


Force, Electrostatic. The force. by which electric matter or 
electrified surfaces attract or repel each other. It is also termed 
electric force (not good) and electro-motive intensity. It is the 
mechanical force acting upon a unit quantity of electricity. Its 
intensity varies with the square of the distance. 


Its dimensions are therefore equal to (quantity xX unity (+ 
(square of distance) Q. XI 1’ = Mens re ee M2L2/T 
These dimensions are also those of potential difference. 


The objection to the term electric force is that it may be applied 
also to electro-magnetic force, and hence be a source of confusion. 


Forces, Parallelogram of. The usual method of composing 
forces or resolving a force. The sides of a parallelogram of forces 
represent component forces and the diagonal represents the result- 
ant. See Component—Resultant—Forces, Composition of—Forces, 
Resolution of. 


Forces, Composition of. Whenseveral forces act in a different 
direction upon a point they may be drawn or graphically repre- 
sented as arrows or lines emanating from the point in the proper 
direction and of lengths proportional to the force they exercise. 
Any two can be treated as contiguous sides of a parallelogram and 
the parallelogram can be completed. Then its diagonal, called the 


resultant, will represert the combined action of the two forces, 
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both.as regards direction and intensity. This is the composition 
of two forces. 


If more than two forces act upon the given point the resultant 
can be composed with any of the others and a new force 
developed. The new resultant can be combined with another 
force, and the process kept up, eliminating the components 
one by one until a final resultant of all is obtained. ‘This 
will give the exact direction and intensity of the forces, however 
many or varied. | 


Forces, Resolution of. The developing from a single force 
treated asa resultant, two other forces in any desired direction. The 
reverse of composition of forces. (See Forces, Composition of— 
Forces, Parallelogram of—Components—kResultant.) 


Force, Tubes of. Aggregations of lines of force, either electrostatic 
or magnetic. . They generally have a truncated, conical or pyra- 
midal shape and are not hollow. Every cross-section contains the 
same number of lines. The name it willseem is not very expressive. 


Force, Unit of. The fundamental or or C. G. S. unit ot force is 
the dye, q. vV- 


. The British unit of force is the poundal (the force which will 
produce an acceleration of one foot per second in a mass of one 
pound). It is equal to about 34% pound. A force cannot be 
expressed accurately in weight units, because weight varies with 
the latitude. 


Forming. The process of producing secondary battery plates 
from lead plates by passing a charging current through the cell 
alternately in opposite directions, and discharging the cell after 


each charge. See (Battery, Secondary, Planté’s.) 


Foundation Ring. In a dynamo armature the ring-shaped core 
on wach Gramme ring armatures and other ring armatures are 
wound. 


Fourth State of Matter. Gas so rarefied that its molecules do 
not collide, or rarely do so; radiant matter, q. v. 


Frame. In a dynamo the bed-piece is sometimes called the 
frame. | 


Franklin’s Experiment. Franklin proved the identity of light- 


ning and electricity by flying a kite in athunder storm. The kite 


was of silk so asto endure the wetting. When the string became 
wet sparks could be taken from a key attached to its end. The 
main string was of hemp ; at the lower end was a length of silk to 
ee it. The key was attached near the end of and to the hemp 
string. . 
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Franklin’s Plate. A simple form of condenser. It consists of 
a plate of glass coated on each side with tinfoil with a margin of 
about an inch of clear glass. One 
coating may be grounded as indi- 
cated in the cut, and the plate 
charged like a Leyden jar. Or one 
side may be connected with one 
terminal, and the other with the other 
terminal of an influence machine and 
the pane will be thus charged. 


Synonym—Fulminating Pane. 


Franklin’s Theory. The single 
fluid theory, q. v-, of electricity. 


Frequency. The number of double 
reversals or complete alternations per second in an alternating 
current. 

Synonym—Periodicity. 


Frictional Electricity. Electricity produced by friction of 
dissimilar substances. (See Zlectrostatic Series.) The contact 
theory holds that friction plays only a secondary réle in this 
process; that it increases the thoroughness of contact, and tends 
to dry the rubbing surfaces, but that the charges induced are due 
to contact of dissimilar substances, not to friction of one against 
the other. 


Frictional Heating. ‘The heating of a conductor by the passage 
ofa current; the Joule effect, q. v. 





Fig. 174. FRANKLIN’S PLATE. 


Fringe. The outlying edge of a magnetic field. 


Frog, Galvani’s Experiment With. A classic experiment in 
electricity, leading to the discovery of current or dynamic electric- 
ity. If a pair of legs of arecently killed frog are prepared with 
the lumbar nerves exposed near the base of the spinal column, and 
if a metallic conductor, one half-length zinc and the other half- 
length copper, is held, one end between the lumbar nerves and the 
spine, and the other end against one of the muscles of the thigh or 
lower legs, the moment contact occurs and the circuit is completed 
through the animal substance the muscles contract and the leg is 
violently drawn upwards. Galvani, in 1786, first performed, by 
accident, this famous experiment, it is said, with a scalpel with 
which he was dissecting the animal. He gave his attention to the 
nerves and muscles. Volta, more happily, gave his attention to 
the metals and invented the voltaic battery, described by him in 
a letter to Sir Joseph Banks, dated 1800. 


Frog, Rheoscopic. If the nerve or living muscle of a frog is 
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suddenly dropped upon another living muscle so as to come in 
contact with its longitudinal and transverse sections, the first 
muscle will contract on account of the stimulation ofits nerve due 
to the passage of a current derived from the second muscle (Ganot). 
The experiment goes under the above title. 

Frying. A term applied toa noise sometimes produced in 
a voltaic arc due to too close approach of the carbons to each 
other. It has been suggested that it may be due to yolatilization 
of the carbon. (Elihu Thomson. ) . 

Fulgurite. An irregular and tubular mass of vitrified quartz, 
believed to be formed by melting under the lightning stroke. 
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Fig. 175. CruciBLe, ELECTRIC. 


Furnace, Electric. A furnace in which the heat is produced by 
the electric current. It has. hitherto been practically used only in 
the extraction of aluminum and silicium from their ores. The 

eneral principle involves the formation of an arc between carbon 
electrodes. ‘The substances to be treated are exposed to the heat 
thus produced. Sometimes the substances in the arc form 
imperfect conductors, and incandescence takes a part in the action. 
Sometimes the substances are merely dropped through the arc. 


Fuse Board. A tablet on which a number of safety fuses are 
mounted. Slate is excellent material for the tablet, as it is incom- 
pustible, and is easily drilled and worked. 


Fuse Box. A box containing a 
safety fuse. Porcelain is an excellent 
material for its base. No combustible 
material should enter into its composie 


tion. | 

Fuse, Cockburn. A safety fuse or 
cut off which consists of a wire of pure 
tin running from terminal to terminal, i 
to whose centre a leaden ball 1s secured pig. x76, Cockpurn Sarery Fuse. 
by being cast into position. Ahe:con- 


nection with the terminals is made by rings at the ends of the wire 


through which the terminal screws are passed and screwed home. 
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When the tin softens under too heavy a current i 3 
cHOR Salicie pace y rrent the weight of. the 
Fuse, Electric. A fuse for igniting an explosive by electricity. 


There are two kinds. In one a thin wire unites the ends of the 
two conducting wires as they enter the case of the fuse. The 




















Fig. 177. ELectrric Fuse. 


larger wires are secured to the case, so that no strain comes on the 
fine wire. On passing a current of sufficient strength the small 
wire 1s heated. In use the fuse is bedded in powder, which again 
may be surrounded by fulminating powder, all contained in a 
copper or other metallic case. Such a detonator is used for explod- 
_ ing gun-cotton and other high explosives. 


The other kind of fuse is similar, but has no thin connecting 
wire. The ends of the conductors are brought nearer together 
ee ae: ; H use ; static discharge is produced across 
rom end to end of the conductors, igniting a proper explosi 
placed there as in the other case. q ee 


hie first kind of fuse is generally operated by a battery or small 
mechanicai generator—the latter by a spark coil, frictional or influ- 
ence machine or by a Leyden jar. 


Galvanic. adj. Voltaic; relating to current electricity or the 
electrolytic and electro-chemical relations of metals. (For titles in 
general under this head see Vo/¢taic—or the main title.) 


Galvanic Element. A galvanic couple with exciting fluid and 
adjuncts ; a galvanic cell. The word element is sometimes applied 
to the electrodes of a cell, as the carbon element or zinc element. 
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Galvanic Polarization. The polarization of a voltaic couple. 
(See Polarization.) 


Galvanism. ‘The science of voltaic or current electricity. 


Galvanization. (a) Electroplating or depositing a metal over 
the surface of another by electrolysis. 


(6) In medical electricity the effects produced on any part of the 
system by the current of voltaic battery. Various descriptive 
qualifications are prefixed, such as ‘“‘ general’’ galvanization, indi- 
cating itsapplication as applied to the whole body, ‘‘ local’’ for the 
reverse case, and so on. 


Galvanization, Labile. Application of the galvanic current in 
electro-therapeutics where one sponge electrode is employed which 
is rubbed or moved over the body, the other being in constant con- 
tact with the body. 


Galvanized Iron. Iron coated with zinc by cleaning and 
immersion in melted zinc. The iron is prevented from rusting by 
galvanic action. It forms’ the negative element in a couple of 
which the zinc is the positive element. From this electric protec- 
tive action the name is derived. 


Galvano-cautery, Chemical. Electro-therapeutic treatment 
with sharp electrodes, one of which is inserted in the tissue and 
a current passed by completing the circuit through the tissue so as 
to electrolyze or decompose the fluids of the tissue. It is applied 
in the removal of hair or extirpation of the follicle. The process 
is not one of heating, and is improperly named cautery. 


Galvano-faradization. In medical electricity the application 


of the voltaic and induced or secondary current simultaneously 


to any part of the system. 


Galvanometer. An instrument for measuring current strength 
and sometimes for measuring inferentially potential difference, 
depending on the action of a magnetic field established by the 
current, such action being exerted on a magnetic needle or its 
equivalent. 


A current passing through a conductor establishes circular 
lines of force. A magnetic needle placed in their field is acted on 
and tends to place itself parallel with the lines, in accordance with 
the principles of current induction. (See duction, Electro- 
magnetic.) A common compass held near a conductor through 
which acurrent is passing tends to place itself at right angles to 
such conductor. Fora maximum effect the conductor or the part 
nearest the needle should lie in the magnetic meridian. If at 
right angles thereto its action will only strengthen the directive 
force of the earth’s induction or magnetic field, as the needle 
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naturally points north and south. Such combination is virtually a 
galyanometer. 3 

A typical galvanometer coniprises a flat coil of wire placed 
horizontally within which a magnetic needle is delicately poised, so 
as to be free to rotate with the least possible friction. The needle 
may be supported on a sharp point like a compass needle, or may 
be suspended by along fine filament. It should be covered by a 
' glass plate and box, or by a glass shade. Finally a graduated disc 
may be arranged to show the amount of deflection of the needle. 


In use the apparatus is turned about until the needle, as acted on 
by the earth’s magnetic field, lies parallel to the direction of the 
coils of wire. On passing a current through the coil the needle is 
deflected, more ot less, according to its strength. 

By using exceedingly fine wire, long enough to give high resist- 
ance, the instrument can be used for very high potentials, or is in 
condition for use in determining voltage. By using a coil of 
large wire and low resistance it can be employed in determining 
amperage. In either case the deflection is produced by the current. 


The needle is often placed above or below the coil so as only to 


receive a portion of its effect, enough for all practical purposes in — 


the commoner class of instruments. : 

The galvanometer was invented by Schweigger a short time after 
Oersted’s discovery, q. V- 

Galvanometer, Absolute. A galvanometer giving absolute 
readings ; properly one whose law of calibration can be deduced 
from its construction. ‘Thus the diameter of the coil, and the con- 
stants and position of a magnetic needle suspended in its field 
being known, the current intensity required to deflect the needle a 
given number of degrees could be calculated. 

Galvanometer, Aperiodic. A galvanometer whose needle is 
damped (see Damping) as, for instance, 
by the proximity of a plate of metal, by 


its reading with hardly any cscillation. 
A very light needle anda strong magnetic 
field also conduce to vibrations of short 
period dying out very quickly. Such gal- 
vanometers are termed ‘‘ dead-beat.’’ No 
instrument is absolutely dead-beat, only 
relatively so. 


Galvanometer, Astatic. A galvan- 
‘ometer with a pair of magnetic needles 
connected astatically, or parallel with 
their poles in oppositien. (See Astatic 
Needle.) Fach needle has its own coil, the coils being wound in 





Fig. 178. ASTATIC 
GALVANOMETER. 


an air vane or otherwise, so that it reaches. 
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opposite directions so as to unite in producing deflections in the 
same sense. As there should be some directive tendency this is 
obtained by one of the magnets being slightly stronger than the 
other or by the proximity of a fixed and adjustable controlling 
magnet, placed nearer one needle than the other. 


For small deflections the currents producing them are propor- 
tional to their extent. 


Galvanometer, Ballistic. A galvanometer whose deflected 
element has considerable moment of inertia; the exact opposite of 
an aperiodic or dead beat galvanometer. (See Galvanometer, 
Aperiodic.) All damping by air vanes or otherwise must be care- 
fully done away with. 
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Fig. 179. SIEMENS & HaLsKE’S GALVANOMETER. 


Siemens & Halske’s galvanometer is of the reflecting or mirror 
type (see Galvanometer, Reflecting) with suspended, bell-shaped 
magnet, in place of the ordinary magnetic needle, or astatic com- 
bination of the lightest possible weight in the regular instrument. 
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A copper ball drilled out to admit the magnet is used as damper 
in the ordinary use of the instrument. To convert it into a ballistic 
galvanometer the copper ball is removed. The heavy suspended 
magnet then by its inertia introduces the desired element into the 
instrument. 

Referring to the cut, Fig. 179, JZ is the suspended magnet, with 
north and south poles z ands; Sis the reflecting mirror; 7 is the 
tube containing the suspending thread; & is the damper removed 
for ballistic work. | 

The ballistic galvanometer is used to measure quantities of 
electricity in an instantaneous discharge, which discharge should 
be completed before the heavy needle begins to move. The extreme 
elongation or throw of the needle is observed, and depends (1) on 
the number ofcoulombs (K) that pass during the discharge; (2) on 
the moment of inertia of the needle and attached parts; (3) on the 
moment of the controlling forces, 2. é., the forces tending to pull 
the needle back to zero ; (4) onthe moment of the damping forces ; 
(5) on the moment of the deflecting forces due to a given constant 

° 


‘current. The formula is thus expressed: K = BS A Xsin ae 


tan @° 


in which K = coulombs discharged; P = periodic time of vibra- 


tion of needle; A-==amperes producing a steady deflection 
equal to a°; #° = first angular deflection of needle. For accuracy 
k° and a° should both be small and the damping so slight as to be 
negligible. Otherwise a correction for the latter must be applied. 
For approximate work for £° and @° the deflections read on the scale 
may be used with the following formula: K — P/a X A/2 X R° la. 


Galvanometer Constant. Assume a galvanometer with a very 
short needle and so placed with respect to its coils that the mag- 
netic field produced by acurrent circulating in them is sensibly 
uniform in the neighborhood of the needle, with its lines of force 
atright angles thereto. The field is proportional to the current Os 
so that it may be denoted by Gz. Then G is the galvanometer 
constant. If now the angle of deflection of the needle is 6 against 
the earth’s field H, M being the magnetic moment of the needle 
we haveG iMcos9=HM sin@ orz=H/G tan 6. H/G is the 
reduction factor ; variable as H varies for different places. 

For a tangent galvanometer the constant G is equal to 27 /a@, in 
which 2 denotes the number of turns of wire, and @ denotes the 
radius of the circle. | 


Galvanometer, Differential. A galvanometer in which the 
needle is acted on by two coils wound in opposition, each of equal 
deflecting action and of equal resistance. Ifa current is divided 
between two branches or parallel conductors, each including one 
of the coils, when the needle points to zero the resistances of the 
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two branches will be equal. In the cut, C C’ represent the coils, 
and A and B the two leads into which the circuit, PQ, is divided. 





Fig. 59. 
Fig. 180. THEorRy OF DIFFERENTIAL GALVANOMETER. 


Galvanometer, Direct Reading. A calibrated galvanometer, 
whose scale is graduated by volts or amperes, instead of degrees. 


Galvanometer, Marine. (Sir 
William Thomson’s.) A galvanom- 
eter of the reflecting type, for 
use on shipboard. A fibre suspen- 
sion isadopted forthe needle. The 
fibre is attached to a fixed support 
at one end and to a spring at the 
other, and the needle is suspended 
by its centre of gravity. This 
secures it to a considerable extent 
from disturbance due to the roll- 
ing of the ship. A thick iron box 
encloses the needle, etc., to cut off 
any magnetic action from the 
ship. (See Galvanometer, Reflect- 


ing.) 


Galvanometer, Potential. A 
galvanometer wound with fine 
German silver wire to secure high 
resistance used for determination 
of potential difference. 
























































Fig. 181. DIFFERENTIAL GALVANOMETER. 


Galvanometer, Proportional. A galvanometer so constructed 
that the deflections of its index are proportional to the current 
passing. It is made by causing the deflecting force to increase 
as the needle is deflected, more and more, or by causing the 
restitutive force to diminish under like conditions, or by both. The 
condition is obtained in some cases by the shape and position of 
the deflecting coils. 


Galvanometer, Quantity. A galvanometer for determining 
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quantities of electricity, by the deflections produced by discharging 
the quantities through their coils. It is a ballistic galvanometer 
with very little or no damping. 


Galvanometer, Reflecting. A galvanometer the deflections of 
whose needle are read by an image projected by light reflected from 
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Fig. 183. REFLECTING GALVANOMETER. 


a mirror attached to the needle or to a vertical wire carrying the 
needle. A lamp is placed in front of the instrument facing the 
mirror. The light of the lamp is reflected by the mirror upon a 
horizontal scale above the lamp. An image of a slit or of a wire 
may be caused thus to fall upon the scale, the mirror being slightly 
concave, or a lens being used to produce the projection. 
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If the mirror swings through a horizontal arc, the reflected 
image will move, in virtue of a simple geometrical principle, 
through an arc of twice as many degrees. The scale can be 
placed far from the mirror, so that the ray of light will represent 
a weightless index of very great length, and minute deflections of 
the needle will be shown distinctly upon the scale. 

In the cut, Fig. 182, the ray of light from the lamp passes 
through the aperture, # m, and is made parallel by the lens, L. 
At s is the mirror attached to the needle and moving with it. A 
scale placed at ¢ receives the reflection from the mirror. The cut, 
Fig. 183, shows one form of the instrument set up for use. 


Synonym—Mirror Galvanometer. 


Galvanometer Shunt. To prevent too much current passing 
through a galvanometer (for fear of injury to its insulation) a shunt 
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Fig. 184. SinE GALVANOMETER. 


is sometimes placed in parallel with it. The total current will be 
distributed between galvanometer and shunt in the inverse ratio of 
their respective resistances. (See Multiplying Power of a Shunt.) 


Galvanometer, Sine. A galvanometer whose measurements 
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depend upon the sine of the angle of deflection produced when the 
coil and needle lie in the same vertical plane. 3 

The needle, which may be a long one, is surrounded by a coil, 

which can be rotated abouta vertical axis passing through the 

oint ofsuspension ofthe needle. Starting with the needle at rest 
in the plane of the coil, a current is passed through the coil 
deflecting the needle, the coil is swung around deflecting the 
needle still more, until the needle lies in the plane of the coil; the 
intensity of the current will then be in proportion to the sine of the 
angle through which the coil and needle move. 

In the galvanometer // is a circle carrying the coil, JV is a scale 
over which the needles, 7 and.z, move, the former being a mag- 
netic needle, the latter an index at right angles and attached 
thereto; a and 0 are wires carrying the current to be measured. 
The circles, and J, are carried by a base, O, around which they 
rotate. His a fixed horizontal graduated circle. In use the circle, 
M, is placed in the magnetic meridian, the current is passed 
through the coil, M7; the needle is deflected; //is turned until its 
plane coincides with the direction of the needle, m. The current 





Fig. 185, TANGENT GALVANOMETER. 


strength is proportional to the sine of the angle of deflection. 
This angle is measured by the vernier, C, on the circle, H. The 
knob, A, is used to turn the circle, 7. : 


Galvanometer, Tangent. A galvanometer in which the tan- 





| portional to the number of con- 


galvanometer whose needle is 
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gents of the angles of deflection are proportional to the currents 
producing such deflections. 

For this law to apply the instrument in general must fulfill the 
following conditions : (1) The needle must be controlled by a uni- 
form magnetic field such as that of the earth ; (2) the diameter of 
the coil must be large compared to the length of the needle; (3) 
the centre of suspension of the needle must be at the centre of the 
coil; (4) the magnetic axis of the needle must lie in the plane of 
the coil when no current is passing. 

If a single current strength is to be measured the best results will 
be attained when the deflection is 45°; in comparing two currents 
the best results will be attained when the deflections as neatly as 
possible are at equal distances on both sides of 45°. 

The needle should not exceed in length one-tenth the diameter 
of the coil. ak 

For very small deflections any galvanometer follows the law of 
tangential deflection. 

As for very small deflections the tangents are practically equal to. 
the arcs subtended, for such de- 
flections the currents are propor- 
tional to the deflections they 
produce. 

The sensibility is directly pro- 


yolutions of wire and inversely 
proportional to their diameter. 


The tangent law is most ac- 
curately fulfilled when the depth 
of the coil in the radial direction 
is to the breadth in the axial 
direction as 7/3: 2, or about 
as I1:9. 


Galvanometer, Torsion. A 


suspended by a long filament or 
by a thread and spiral spring 
against whose force of torsion 
the movements of the needle are 
produced. The currentstrength 
is determined by bringing the 
needle back to its position of rest 
by turning a hand-button or other arrangement. The angle through 
which this is turned givesthe angle of torsion. From thisthe current 
strength is calculated on the general basis that it is proportional tg 
the angle of torsion. ; 











Fig. 186, TORSION GALVANOMETER. 
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Galvanometer, Vertical. A galvanometer whose needle is 
mounted on a horizontal axis and is deflected in a vertical plane. 
One of the poles is weighted to keep it normally vertical, repre- 

senting the control. It is not used for accurate work. 


Synonym—Upright Galvanometer. 


- Galvanometer, Volt=- and 
Ampere-meter. A galyanom- 
eter of Sir William Thom- 
son’s invention embodying the 
tangent principle, and having its 
sensibility adjustable by moving 
the magnetic needle horizontally 
along a scale (the ‘‘ meter’’y 
towards or away fromthe coil. A 
curved magnet is used to adjust 
the control. The leads are 
twisted to prevent induction. 


The instrument is fnade with 
a high resistance coil for voltage 
determinations, and with alow 
resistance coil for amperage de. 
terminations. 


At one end of a long base 
board a vertical coil with its 
plane at right angles to the axis of the board is mounted. Ascale 
(the ‘‘meter’’ of the name) runs down the centre of the board. A 
groove also runs down the centre. The magnetic needle is con- 
tained in a quadrant-shaped glass-covered box which slides up and 





Fig. 187. VERTICAL GALVANOMETER. 























Fig. 188. Sir WiLL1AM THOMSON’s AMPERE-METER GALVANOMETER. 


down the groove. A number of short parallel needles mounted 
together, with an aluminum pointer are used. 


In the cut P is the base board, J7 is a glass covered case contain: 
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ing the magnetic needle, and sliding along the base board, being 
guided by the central groove, C, is the coil. Between the coil and 
the needle is the arched or bent controlling magnet. The long 
twisted connecting wires are seen on the right hand. 


Galvano-plastics. The deposition of metals by electrolysis, a 
disused term replaced by electro-deposition, electroplating, and 
electro-metallurgy. 


Galvano-puncture. 
Electro-puncture.) 


Galvanoscope. An instrument, generally of the galvanometer 
type, used for ascertaining whether a current is flowing or not. 
Any galvanoscope, when calibrated, if susceptible thereof, becomes 
a galvanometer. ee 


Gas, Electrolytic. Gas produced by the decomposition, gener- 
ally of water, by electrolysis. Itmay be hydrogen oroxygen, ora 
mixture of the two, according to how it is collected. (See Gases, 
Mixed.) ; 


Gases, Mixed. The mixture of approximately one volume of 
oxygen and two volumes of hydrogen collected in the eudiometer 
of a gas voltameter or other electrolytic apparatus. 


An operation in medical electricity. (See 


Gassing. The evolution of gas from the plates of a storage 
battery in the charging process, due to too high voltage in the 
circuit of the charging dynamo. 


Gastroscope. An apparatus for illuminating by an incan- 
descent lamp the interior of the stomach, and with prisms to 
refract the rays of light so that the part can be seen. ‘ The stomach 
is inflated with air, if desirable, to give a better view. An incan- 
descent platinum spiral in a water jacket has been employed for 
the illumination. 


Gassiot’s Cascade. A goblet lined for half its interior surface 
with tinfoil. It is placed in the receiver of an air pump from the 
top of whose bell a conductor descends into it, not touching the 
foil. On producing a good rarefaction, and discharging high 
tension electricity from between the conductor just mentioned and 
the metal of the machine, a luminous effect is produced, as if the 
electricity, pale blue in color, was overflowing the goblet. 


Gauss. A name suggested for unit intensity of magnetic field. 
Sylvanus P. Thomson proposed for its value the intensity of a 
field of 10° C. G. S. electro-magnetic units. J. A. Fleming 
proposed the strength of field which would develop one volt 
potential difference in a wire 10° centimeters long, moving through 


such field with a velocity of one centimeter per second. This is 
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one hundred times greater than Thomson’sstandard. Sir William 
Thomson suggested the intensity of field produced by a current 
of one ampere at a distance of one centimeter 


Gauss’ Principle. An electric circuit acts upon a magnetic pole 


in such a way as to make the number of lines of force that pass 
through the circuit a maximum. 
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Fig. 189. Gauss’ TANGENT POSITION. 


Gauss, Tangent Positions of. The ‘‘end on”’ and ‘‘ broadside ” 
methods of determining magnetization involve positions which 
have been thus termed. (See 
Broadside Method and End on 
Method.) 


Gear, Magnetic Friction. 
Friction gear in which the com- 
ponent wheels are pressed 
against each other by electro- 
magnetic action. In the cut, 
repeated from Adherence, Elec- 
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coil makes the wheels, which are 
of iron, press strongly together. 


Geissler Tubes. Sealed tubes 
of glass containing highly rare- 
fied gases, and provided with 
platinum electrodes extending 
through the glass tightly sealed 

as they pass through 1t, and often 
Fig. 190. MacGnetic Friction GEAR. extending a short distance be- 
. yond its interior surface. 


On passing through them the static discharge luminous effects 





tro-magnetic, the magnetizing : 
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are produced varying with the degree of exhaustion, the contents 
(gas), the glass itself, or solutions surrounding it. The two latter 
conditions involve fluorescence phenomena often of avery beautiful 
description. | 


The pressure of the gas is less than one-half of a millimeter of 
mercury. If a complete vacuum is produced the discharge will 
not pass. If too high rarefaction is produced radiant matter 
phenomena (see matter, Aadzantz) occur. 


Geissler tubes have been used for lighting purposes as in mines, 
or for illuminating the interior cavities of the body in surgical or 


‘medical operations. 


Generating Plate.- The positive plate in a voltaic couple, or 
the plate which is dissolved ; generally a plate of zinc. 


Synonyms—Positive Plate—Positive Element. 
Generator, Current. Any apparatus for maintaining an elec- 


tric current. It may be as regards the form of energy it converts 


into electrical energy, mechanical, as a magneto or dynamo elec- 
tric machine or generator; thermal, as a thermo-electric battery ; 
or chemical, asa voltaic battery ; all of which may be.consulted. 


Generator, Secondary. Asecondary or storage battery. (See 
Battery, Secondary.) 


German Silver. An alloy of copper, 2 parts, nickel, 1 part, and 
zinc, I part. Owing to its high resistance and moderate cost and 
small variation in resistance with change of temperature, it is much 
used for resistances. From Dr. Mathiessen’s experiment the 
following constants are deduced in legal ohms: 


Relative Resistance (Silver = 1), 13.92 
Specific Resistance at 0° C. (32F.), 20.93 microhms. 
Resistance of a wire, 


(a) 1 foot long, weighing I grain, 2.622 ohms. 
1 foot long, I-1000 inch thick, 125.91 BS 
1 meter long, weighing I gram, Te O20 4 Ss 
1 meter long, 1 millimeter thick, 0:2066%) "25" 


Resistance of a I inch cube at o°C. (32° F.), 8.240 microhms. 


Approximate percentage increase of resistance per 0° C. (1.8° F.) 
at about 20° C. (68° F.), 0.044 per cent. 


Gilding, Electro-. The deposition of gold by an electric current, 
or electrolytically in the electroplating bath. 


Gilding Metal. A special kind of brass, with a high percentage 
of copper, used to make objects which are to be gilded by elec- 
trolysis. 

















278 STANDARD ELECTRICAL DICTIONARY. 


Gimbals. A suspension used for ships’ compasses and some- 
times for other apparatus. It consists of a ring held by two 
journals, so as to be free to swing in one plane. The compass 
is swung upon this ring, being placed concentrically therewith. 
Its journals are at right angles to those of the ring. This gives a 
universal joint by which the compass, weighted below its line of 
support, is always kept horizontal. 
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Fig. 191. Compass SUSPENDED IN GIMBALS. 


Glass. A fused mixture of silicates of various oxides. It is of 
extremely varied composition and its electric constants vary greatly. 
Many determinations of its specific resistance have been made. 
For flint glass at 100° C. (212° F.) about 206 < 10!” ohms — at 
60° C (140° F.) 1020 X 10” (Thomas Gray) is given, while another 
observer (Beetz) gives for glass at ordinary temperatures an immeas- 
urably high resistance. It is therefore a non-conductor of very 
high order ifdry. Asa dielectric the specific inductive capacity of 
different samples of flint glass is given as 6.57—6.85—7.4—I0.1 
(Hopkinson), thus exceeding all other ordinary dielectrics. The 


densest glass, other things being equal, has the highest specific 


inductive capacity. 
Gold. A metal, one of the elements; symbol Au.c.,; atomic 
weight, 196.8; equivalent, 65.6 ; valency, 3; specific gravity 19.5. 


It is a conductor of electricity. | 
Annealed. Hard drawn. 


Relative Resistance (Annealed Silver = 1), 1.369 1.393 
Specific Resistance, 2.058 2.094 
Resistance of a wire at 0° C. (32°F.) 

(a) 1 foot long, weighing I grain, 57-95 58.84 ohms 
(6) 1 foot long, I-1000 inch thick, 12.38 12.60 ss 
(c) 1 meter long, weighing I gram, .4035 ALORS <5 
(d) 1 meter long, 1 millimeter thick, .02620 .02668 ‘‘ 
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Annealed. Hard drawn. 


Resistance ofa Linch cube at 0° C.(32° F.) .8102 .8247 
Approximate increase in resistance per 0° C., (1.8° F) at about 


20° C. (68° F.), 0.365 per cent. 
Blectro-chemical equivalent (Hydrogen = .0105), .6888 
Gold Bath. Asolution of gold used for depositing the metal 


in the electroplating process. 
A great number of formule have been devised, of which a few 
representative ones are given here. 
ee ea ee 
. “COLD BATHS. HOT BATHS. 
an arn ae ee 


ee eet 








Water, ot eas - |I0,000 |10,000 |10,000 || 10,000 | 5,000 3,000 
Potassium Cyanide, 200 200 {O33 50 
Gold, - - - - 100 15 100 10 10 10 
Potass. Ferrocyanide, 200 | —— pail 150 | —— 
Potassium Carbonate, | —— 150 | —— || —— 50 

Ammonium Chloride,| —— 30 | —— || —— 2O"\K ee 
Noma Ammonia, =| Fos | a 500. || ——. | — 
Sodium Phosphate; = |) soo. eo 600 | —— | —— 
food Bisulphite,. -.|.>——, | = |)sice 100 | —— | —— 

(Roseleur. ) 


In the baths the gold is added in the form of neutral chloride, 
Auric chloride (Au Cl,). | 


Gold Stripping Bath. A bath for removing gold from plated 
articles without dissolving the base in order to save the precious 
metal. A bath of 10 parts of potassium cyanide and 100 parts of water 
may be used, the articles to bestripped being immersed therein as the 
anode of an active circuit. Ifthe gilding is ona silver or copper 
basis, or on an alloy of these metals the same solution attacks the 
base and dissolves it, which is obj ectionable. For silver articles it 
is enough to heat to cherry red and throw into dilute sulphuric 
acid. The gold scales off in metallic spangles. For copper 
articles, a mixture of Io volumes co neentrated sulphuric acid, I 
volume nitric acid, and 2 volumes hydrochloric acid may be 
used by immersion only, or with a battery. The. sulphuric acid 
in such large excess is supposed to protect the copper. For copper 
articles concentrated sulphuric acid alone with the battery may be 
used. ‘Thisdoes notsensibly attack the copper ifit is not allowed to 
become diluted. Even the dampness of the air may act to dilute it. 


Graduator. Apparatus for enabling the same line to be used for 
telegraph signals and telephoning. 3 


One type consists in coils with iron cores of simply electro- 
magnets. These act to retard the current in reaching its full nower 
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and also prolong it. This gives a graduated effect to the signals, 
so that the telephone diaphragm is not audibly affected by the 
impulses. 
The telephoning current is so slight and so rapid in its character- 
istic changes that it is without effect upon the ordinary telegraph. 


Gram. The unit of weight in the metric system ; accepted as 
the unit of mass in the absolute of C. G. S. system of units. It is 
the one-thousandth part of mass of astandard weight preserved under 
proper conditions in Paris, and supposed to be the mass of acubic 
decimeter of distilled water at the temperature of the maximum 
density of water. The standard is the kilogram}; the temperature 
is 3.9° C. (39° F.). The standard kilogram is found to be not 
exactly the weight of a cubic decimeter of water, the latter weigh- 
ing 1.000013 kilogram. 


If therefore the defined gram on the water basis is taken as the 
unit it varies very slightly from the accepted gram. 


I gram is equal to 15.43234874 grains. (Prof. W. H. Miller.) 


Gram-atom. The number of grams of an element equal numeric- 
ally to the atomic weight, as 16 grams of oxygen, I gram of 
hydrogen, 35.5 grams of chlorine; all which might be expressed as 
gram-atoms of oxygen, hydrogen and chlorine respectively. 

The gram-atom approximately expresses the number of gram- 
calories required to heat one gram of the substance 1°C. (1.8° F.). 
This is in virtue of Dulong and Petit’s discovery that the atomic 
weight of an element multiplied by its specific heat gives approxi- 
mately a constant for all elements. 


Gram-molecule. The number of grams of a substance equal 
numerically toits molecular weight. 


Graphite. Carbon; one of three allotropic modifications of this 
element. It occurs in nature as a mineral. 


It is used as a lubricant for machinery ; for commutator brushes; 


for making surfaces to be plated conductive, and for mixing with 
manganese binoxide in Leclanché cells. 


Gravitation: A natural force which causes all masses of matter 
to attract each other. Its cause is unknown; it is often supposed 
to be due to the luminiferous ether. 


Gravity, Acceleration of. The velocity imparted to a body in 
one second by the action of gravitation at any standard point upon 


STANDARD ELECTRICAL DICTIONARY. 281 


Equator, 978.1028 centimeters per second 
Paris, 980. 94 66 66 ‘6 
Greenwich 981.17 “ ‘6 “ 
Edinburgh, 981.54 co ‘<6 «6 
Pole (N. or S.), 983.1084 (theoretical) tee “ 6 


Asround numbers for approximate calculations 981 centimeters 
or 32.2 feet may be employed. 

Gravity, Control. Control by weight. In some ammeters and 
voltmeters gravity is the controlling force. 


Grid. A lead plate perforated or ridged for use ina storage 
battery as the supporter of the active materials and in part as con- 
tributing thereto from its own substance. 

Ground. ‘The contact of a conductor of an electric circuit with 
the earth, permitting the escape of current if another ground exists. 


Ground-wire. A metaphorical term applied to the earth when 
used as a return circuit. 


Grove’s Gas Battery. A voltaic battery depending for its action 
on the oxidation of hydrogen instead of the oxidation of zinc. Its 


' action is more particularly described under Battery, Gas. Inthe 





Fig. 192. Grove’s Gas BATTERY. 


the earth’s surfacein a vacuum. This will vary at different places, 
Owing principally to the variation in centrifugal force due to the 
earth’s rotation. For standard valuation it must be reduced to sea 
level. The following are examples of its variation : 


| eut B, B!, * * * arethe terminals of the positive or hydrogen 
electrodes, marked H, and 4d, A'* * * are the terminals of the 
negative or oxygen eiectrodes marked O, while M,i,* * * is 
dilute sulphuric acid. 








bo whtat Peis 1, ie SE + 
eee ee 





























282 STANDARD ELECTRICAL: DICTIONARY. 


Guard Ring. An annular horizontal surface surrounding the 
balanced disc in the absolute electrometer. (See Electrometer, 


Absolute.) 


Guard Tube. A metal tube surrounding a dry pile used with a 
quadrant electrometer, or other electrometers of that type. It 
prevents the capacity of the lower brass end of the pile (which brass 
end closes the glass tube containing the discs) from momentary 
-change by approach of some conductor connected to the earth. 
There are other guard tubes also. 


Gun, Electro-magnetic. An electro-magnet with tubular core. 


If, when it is excited a piece of an iron rod is pushed into the central 
aperture of the, core and is released, the magnetic circle will try 
to complete itself by pushing the rod outso that it can thus be 
discharged, as if from a popgun. 


Synonym—EHlectric Popgun. 









+, xiorY N 
Se tan", 
OO 0) eo 






=D, 
Sun Cr 
PTH EearEE ET 
{il PEELE ETH PEE CLT EX 
rrititi tir i yt rrititit . 
Tree ty | rrr it UY; 
























VLU 





Ube 





Fig. 193. “ELectric Popcun.” 


Gutta Percha. ‘The hardened milky juice of a tree, the 
Isonandra gutta, growing in Malacca and other parts of the 
Eastern Archipelago. It is much used as an insulator or constit- 
uent of insulators. 


Resistance after several minutes electrification per I centimeter 
cube at 54° C. (75° F.), 450X to” ohms. | 


The specific resistance varies—from 25X10” to 500XI0” ohms. 
A usual specification is 200X 1o2 ohms. ‘The influence of tem- 
perature on its resistance is given in Clark & Bright’s empirical 
formula, R=R, @, in which R is the resistance at temperature 
t° C—R, the resistance at 0° € (32° F), a is the coefficient .8944. 


The resistance increases with the time of passage of the current, 
the variation being less the higher the temperature. 
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Time of Electrification. Relative Resistance Relative Resistance 
at oc. CG2°sF:) ati242.Ci( 752s) es 


I minute 100 Sea 

Qa 127.9 6. 

Sipe 163.1 6.66 
fo 190.9 6.94 
20e aS 230.8 7.38 
CO ie 250.6 7.44 
60 290.4 7.6 
90 318.3 7.66 


In cable testing one minute is generally taken as the time of 
electrification. | 
Pressure increases the resistance by the formula R p=R (r-++ 
.00327 ~) in which R # is the resistance at pressure H—R resistance 


. at atmospheric pressure—f pressure in atmospheres. Thus in the 


ocean at a depth of 4,000 meters (2.4855 miles), the resistance is 
more than doubled. The longer the pressure is applied, the 
greater is the resistance. ; 


The specific inductive capacity of gutta percha is 4.2. 


Good gutta percha should not break when struck with a hammer 
should recover its shape slowly, and it should support much more 
than 300 times its own weight. 


Gyrostatic Action of Armatures. Owing to gyrostatic action 
a rotating armature resists any change of direction of its axis: On 
ships and in railway motors which have to turn curves this action 
occurs. A 148 lb. armature running at 1,300 revolutions per 
minute may press with 30 lbs. on each journal as the ship rolls 
through an angle of 20° in 16 seconds. 


_H. (a) Thesymbol for the horizontal component of the earth’s 
magnetization. 


_ (6) The symbol for the intensity of a magnetizing force or field. 
The symbol H, as it is generally used, may mean either the number 
of dynes which act upon a unit pole, or the number of lines of force 
per centimeter. 


(c) The symbol for the unit of self-induction. 


Hair, Removal of, by Electrolysis. A method of depilati 
by destruction of individual hair follicles by electrolysis. whe 


A fine platinum electrode is thrust into a hair follicle. It is the 
negative electrode. The positive electrode is in contact with the 
body of the person under treatment; it is often a sponge electrode 
simply held in his hand. A current of two to four milliamperes 
from an E. M. F. of 15 to 20 volts, is passed. This destroys the 
follicle, the hair is removed and never grows again. A gradual’ 
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increase of current is advised for the face. As only one hair is 
removed at once, but asmall number are taken out at a sitting. 


Haldat’s Figures. With a pole of astrong bar magnet, used 
like a pencil, imaginary figures are drawn upon a hard steel plate, 


suchas asaw-blade. The pattern is gone over several times. By» 


dusting iron filings on a sheet of paper laid over the steel plate, 
while horizontal, very complicated magnetic figures are produced. 


Hall’s Experiment. A cross of thin metal, such as gold leaf, is 
secured upon a pane of glass. To two opposite arms a battery is 
connected in circuit with them. ‘To the other two arms a galva- 
nometer is connected in circuit. If the cross is put into a field of 


force whose lines are perpendicular thereto, the galvanomcter will 
disclose a constant current. The current is pushed, as it were, into 


the galvanometer circuit. Other metals have been used with - 


similar results. ‘They must be thin or the experiment fails. If the 
arm receiving the battery current is horizontal, and if it flows from 
left to right, and-if the lines of force go from downward through 
the cross, the current in the galvanometer circuit will flow from 
the observer through the otherarms ofthe cross, if the cross is of gold, 
silver, platinum or tin, and the reverse if of iron. The experiment 


has indicated a possible way of reaching the velocity of electricity 
in absolute measure. 


Hall Effect. The effect observed in Hall’s experiment, q. Vv. 


Hall Effect, Real. A transverse electro-motive force in a con- 
ductor through which acurrent is passing produced by a magnetic 
field. | : 


Hall Effect, Spurious. A spurious electro-motive force pro- 
duced in a conductor, through which acurrentis passing by changes 
in conductivity of the conductor brought about by a magnetic field. 


Hanger Board. A board containing two terminals, a suspending 
hook, and a switch, so that an arc lamp can be introduced into a 
circuit thereby, or can be removed as desired. 


Harmonic Receiver. A receiver containing a vibrating reed, 
acted on by an electro-magnet. Such a reed answers only. to 
impulses tuned to itsown pitch. If such are received from the mag- 
net it will vibrate. Impulses not in tune with it will not affect it. 
(See Telegraph, Harmonic.) 


Head Bath, Electric. A fanciful name for an electro-medical 
treatment of the head. The patient is insulated by an insulating 
stool or otherwise. His person is connected with one terminal of 
an influence machine. An insulated metallic circle, with points 
_ of metal projecting inward or downward, is placed about the head. 
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The circle is connected with the other pole of the machine. On 
working it a silent or brush discharge with air convection streams 
occurs between the patient’s head and the circle of points. 


Head-light, Electric. Anelectric head-light for locomotives has 
been experimented with. It includes the parabolic reflection of 
the regular light with an arc-lamp in place of the oil lamp. An 


incandescent lamp may be used in the same place, but has no 


great advantage over oil as regards illuminating power. 


Heat. A form of kinetic energy, due to a confused oscillatory 
movement of the molecules of a body. Heat is not motion, asa 
heated body does not change its place; it is not momentum, but it 
is the energy of motion. If the quantity of molecular motion is 
doubled the momentum of the molecules is also doubled, but the 
molecular mechanical energy or heat is quadrupled. 


As a form of energy it is measured by thermal units. The calorie 
is the most important, and unfortunately the same term applies to 
two units, the gram-degree C. and the kilogram-degree C. (See 
Calorie.) Calories are determined by a calorimeter, q. v- 


Independent of quantity of heat a body may be hotter or colder. 
Thermometers are used to determine its temperature. 


Heat is transmitted by conduction, a body conducting it slowly 


for some distance through its own substance. Bodies vary greatly 


in their conductivity for heat. It is also transmitted by convec- 
tion of gases or liquids, when the heated molecules traveling 
through the mass impart their heat to ‘other parts. Finally itis 
transmitted by ether waves with probably the speed of light. This 
mode of transmission and the phenomena of it were attributed to 
radiant heat. Asa scientific term this is now dropped by many 
scientists. This practice very properly restricts the term ‘‘heat”’ 
to kinetic molecular motion. 


The mechanical equivalent of heatis the number of units of work 
which the energy of one unit quantity of heat represents. (See 
Equivalents, Mechanical and Physical.) 


Heat, Atomic. ‘The product of the specific heat of an element 
by its atomic weight. The product is approximately the same for 
ail the elements, and varies as determined between 5.39 and 6.87. 
The variations are by some attributed principally to imperfection 
of the work in determining them. The atomic heat represents the 
number of gram calories required to raise the temperature of a 
gram atom (a number of grams equal numerically to the atomic 
weight) one degree centigrade. 


Heat, Electric. This term has been given to the heat produced 
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by the passage of a current of electricity through a conductor. It 
is really electrically produced heat, the above term being a 
misnomer. : 

The rise of temperature produced in a cylindrical conductor. by 
a current depends upon the diameter of the conductor and on the 
current. The length of the wire has only the indirect connection 
that the current will depend upon, the resistance and consequently 
upon its length. | 

The quantity of heat produced in a conductor by a current is in 
gram-degree C. units equal to the product of the current, by the 
electro-motive force or potential difference maintained between the 
ends of the wire, by .24. | 


The cube of the diameter of a wire for a given rise of tempera- 


ture produced in such conductor by a current is equal approxi- — 


mately to the product of the square of the current, by the specific 
resistance (q. v.) of the material of the conductor, by .o00391, the 
whole divided by the desired temperature in centigrade units. 


Heat, Electrical Convection of. A term applied to the 
phenomena included under the Thomson effect, q. v., the unequal 
or differential heating effect produced by a current of electricity in 
conductors whose different parts are maintained at different tem- 
peratures. : 


Heater, Electric. An apparatus for converting electrical | 


energy into thermal energy. 


An incandescent lamp represents the principle, and in the Edison 
meter has been used as such to maintain the temperature of the 
solutions. Heaters for warming water and other purposes have 
been constructed, utilizing conductors heated by the passage of the 
current as a source of heat. (See also Heating Magnet.) 


Heating Error. In voltmeters the error due to alteration of 
resistance of the coil by heating. Iftoo strong a current is sent 
through the instrument, the coils become heated and their resist- 
ance increased. They then do not pass as much current as they 
should for the potential difference to which they may be exposed. 
Their readings then will be too low. One way of avoiding the 
trouble is to have a key in circuit, and to pass only an instanta- 
neous or very brief current through the instrument and thus get 
the reading before the coils have time to heat. 


- The heating error does not exist for ammeters, as they are con- 
structed to receive the entire current, and any heating “‘ error”’ 
within their range is allowed for in the dividing of the scale. 


Heating Magnet. An electro-magnet designed to be heated by 
Foucault currents induced in its core by varying currents in the 
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windings. It has been proposed as a source of artificial heat, a 
species of electric heating apparatus for warming water, or other 
purposes. 


Heat, Irreversible. The heat produced by an electric current 
in a conductor of identical qualities and temperature throughout. 
Such heat is the same whatever the direction of the current. The 
heating effect is irreversible because of the absence of the Thomson 
effect, q. v., or Peltier effect, q. v. 


Heat, Mechanical Equivalent of. ‘The mechanical energy cor- 
responding to a given quantity of heat energy. Mechanical energy 
is generally represented by some unit of weight and height, such 
as the foot-pound; and heat energy is represented by a given 
weight of water heated a given amount, such asa pound-degree 
centigrade. Joule’s equivalent is usually accepted; it states that 
772.55 foot pounds of mechanical energy are equivalent to I pound- 
degree F. (one pound avds. of water raised in temperature one 
degree Fahrenheit). Other equivalencies have also been deduced. 


Heat, Molecular. ‘The product of aspecific heat of the compound 


‘by its molecular weight. It is approximately equal to the sum of 


the atomic heats of its constituent elements. 


The molecular heat represents the number of gram calories 
required to raise the temperature of a gram-molecule (a number of 
grams equal numerically to the molecular weight) one degree centi- 


- grade. 


The molecular heat isapproximately equal for all substances. 


Heat, Specific. The capacity of a body for heat; a coefficient 
representing the relative quantity of heat required to raise the tem- 
perature of an identical weight of a’ given body a defined and 
identical amount. . 

The standard of comparison is water ; its specific heat is taken as 
unity. The specific heats by weight of other substances are less 
than unity. The specific heat varies with the temperature. ‘Thus 
the specific heat of water is more strictly 1-+.00015 7° C. 


Specific heat is greater when a substance is in the liquid than 


when it is in the solid state. ‘Thus the specific heat of ice is 0.4809 ; 


less than half that of water. It differs with the allotropic modifica- 
tions of bodies; the specific heat of graphite is .202; of diamond, .147. 


The product of the specific heat by the atomic weight of 
elements gives a figure approximately the same. A similar law 
applies in the case of molecules. (See Heat, Atomic—Heat, 
Molecular.) 


The true specific heat of a substance should be separated from 
the heat expended in expanding a body against molecular and 
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atomic forces, and against the atmospheric pressure. So far this 
separation has not been possible to introduce in any calculations. 


Heat, Specific, of Electricity. A proposed term to account for 
the heat absorbed or given out in unhomogeneous conductors, by 
the Thomson effect, or Peltier effect (see Eject, T: homson—L fect, 
Peltier.) If a current of electricity be assumed to exist, then 
under the action of these effects it may be regarded as absorbing or 
giving out so many coulombs of heat, and thus establishing a basis 
for specific heat. 


Heat Units. The British unit of heat is the pound degree F— 
the quantity of heat required to raise. the temperature of a pound 
of water from 32° to 33° F. ; : 

The C. G. S. unit is the gram-degree C. ; another metric unit is 
the kilogram-degree C. The latter is the calorie; the former is 
sometimes called the small calorie or the joule ; the latter is some- 
times called the large calorie. The term joule is also applied to a 
quantity of heat equivalent to the energy of a watt-second or volt- 
coulomb. ‘This is equal to .241 gram degree calorie. 


Hecto. A prefix to terms of tmeasurement—meaning one hun- 
dred times, as Zectometer, one hundred meters. 

Heliograph. An apparatus for reflecting flashes of light to a 
distant observer. By using the Morse telegraph code messages 
may thus be transmitted long distances. When possible the sun’s 
light is used. 

Helix. A coil of wire ; properly a coil wound so as to follow the 
outlines of a screw without overlaying itself. 





Fig. 195. RIGHT-HANDED HELIx. 
The practical unit of electro-magnetic or magnetic 
tc 10? C. G. S., or absolute units of induc- 


As the dimensions of inductance are a length the henry is 
ately to one quadrant of the 


- Henry. 
inductance. It is equal 
tance. 
equal to 10? centimeters, or approxim 
earth measured on the meridian. 
Synonyms—Secohm—Quadrant—Quad. | 
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Hermetically Sealed. Closed absolutely tight. Glass vessels, 
such as the bulbs of incandescent lamps, are hermetically sealed 
often by melting the glass together over any opening into their 


interior. 


Heterostatic Method. A method of using the absolute or 
attracted disc electrometer. (See Zlectrometer Absolute.) The for- 
mula for its idiostatic use, q. v-, involves the determination of d 
the distance between the suspended and fixed discs. As this ie 
difficult to determine the suspended disc and guard ring may be 
kept at one potential and the lower fixed disc is then connected 
successively with the two points whose potential difference is to be 
determined. Their difference is determined by the difference 
between @ and a’, the two distances between the discs. This dif- 
ference is the distance through which the micrometer screw is 


moved. ‘The heterostatic formula is: 


V/ —V = (d/—d)/ 8a4F 


S 
in which V and V’ are potentials of the two points ; al anda ne 
two distances between the discs necessary for equilibrium ; S the 
area of the disc and F the force of attraction in dynes. (See 
Tdiostatic Method.) 
High Bars of Commutator. Commutator bars, which in the 
natural wear of the commutator, project beyond the others. The. 


surface then requires turning down, as it should be quite cylin- 


drical. 

High Frequency. A term used as a noun or as au adjective to 
indicate in an alternating current, the pro- 
duction of a very great number of alterna- 
tions per unit of time—usually expressed as 
alternations per second. 


Hissing. A term applied to a noise some- 
times produced by a voltaic arc; probably 
due to the same cause as frying, q. v. 


Hittorf’s Solution. A solution used asa 
resistance. It is a solution of cadmium 
iodide in amylic alcohol. Ten per cent. of 
the salt is used. It is contained in a tube 
with metallic cadmium electrodes. (See 
Resistance, Hittorf’s.) 





Holders. (a) The adjustable clamps f 

nes a ps for 

1g ee Re- holding the armature brushes of dynamos 
and motors. ; 


(6) The clamps for holding the carbons of arc lamps. 
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(c) The clamps for holding safety fuses, q. V- 


| Hughes’ Electro-magnet. Ah : 
d) Holders for J ablochkoff candles and other electric candles. orseshoe electro-magnet with 


polarized core. It is made by, mounting two bobbins of insulated 








(See Candle Holders.) 
(e) A box or block of porcelain for holding safety fuses. 


Hood. A tin hood placed over an arc-lamp. Such hoods are 
often truncated cones in shape, with the small end upwards. They 
reflect a certain amount of light besides protecting the lamp to 
some extent from rain. 


Horns. ‘The extensions of the pole pieces of a dynamo or motor. 
(See Following Horns—Leading Horns.) 


Synonym—Pole Tips. 


Horse Power. A unit of rate of work or activity. There are 
two horse powers. 


The British horse power is equal to 33,000 pounds raised one 
foot per minute, Of 550 foot pounds per second, or 1.0138 metric 
horse powet. | 

he metric horse power (French) is equal to 75 kilogram-meters, 
or 542 foot pounds per second, or .986356 British horse power. 

H. P. is the abbreviation for horse power. (See Horse Power, 


Electric.) 


Horse Power, Actual. The rate of activity of a machine, as 
actually developed in condition for use. It is less than the indi- 
cated or total horse power, because diminished by the hurtful resist- 
ances of friction, and other sources of waste. It is the horse power 
that can be used in practise, and which in the case of a motor can 
be taken from the fly-wheel. 


Horse Power, Electric. The equivalent of a mechanical horse 
power in electric units, generally in volt-amperes or watts 5 745.943 
watts are equivalent to the activity of one British horse power; 
735.75 are equivalent to one metric horse power. The number 


746 is usually taken in practical calculations to give the equiva- 
lency. 


Horse Power, Indicated. The horse powet of an engine as 
indicated by itssteam pressure, length of stroke, and piston area, and 
‘vacuum, without making any deduction for friction or hurtful 
resistances. The steam pressure isin accurate work deduced from 
indicator diagrams. 

Horse Power, Hour. A horse power exerted for one hour, of 
the equivalent thereof. As the horse power is a unit of activity, 
the horse power hour is a anit of work or ofenergy. Itis equal 
to 1,980,000 foot pounds. 


H. P. Abbreviation for “ horse power.” 





wire on the ends ofa permanent horse- 

shoe magnet. It was devised for use in 

Hughes’ printing telegraph, where very fii 

quick action is required. The contact De 4 

lasts only .053 second, 185 letters being a 
- transmitted per minute. 


Hughes’ Induction Balance. An ap- 
paratus for determining the presence of 
a concealed mass of metal. The apparatus 
is variously connected. ‘The cut shows a 
representative form; @ and @’ are two 
primary coils, each consisting of 100 
meters (328 feet) of No. 32 silk covered 


copper wire (0.009 inch diameter) wound Fig. 197. iene Bi bees” 


on a boxwood spool 34 inches in depth; MAGNET. 
6 and 6’ are secondary coils. All coils 
are supposed to be alike. 


with a battery of three or four Daniell cells. A microphone 7 is 
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Fig. 198. Hucurs’ InpucTion BaLaNncnr. 


included in the same circuit. Th i 
- The secondary coils are joi i 
series with a telephone and in opposition with each ee 





The primary coils are joined in series 
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clock is used to produce a sound affecting the microphone. If all 


is exactly balanced there will be no sound produced in the tele-. - 


phone. This balanceis brought about by slightly varying the distance 
of one of the secondaries from the primary, until there is no sound 
in the telephone. If nowa piece of metal is placed within either 
of the coils, it disturbs the balance and the telephone sounds. 


To measure the forces acting a sonometer or audiometer is used. 
‘his is shown in the upper part ofthe cut. Two fixed coils, c and 
2 are mounted at the ends ofa graduated bar. A movable coil @ is 
connected in the telephone circuit ; ¢c and ¢ by a switch can be con- 
nected with the battery and microphone circuit, leaving out the 
induction balance coils. ‘The ends of the coils c and e, facing each 
other are of the same polarity. Ifthese coils, ¢ and ¢, were equal in 
all respects, no sound would be produced when d was midway 
between them. But they are so wound that the zero position for d 
is very near one of them, ¢. 


Assume that a balance has been obtained in the induction bal- 
ance with the coild at zero. Nosound is heard whether the switch 
is moved to throw the current into one or the other circuit. A 
piece of metal placed in one of the balance coils will cause the pro- 
duction ofa sound. ‘The current is turned into the sonometer and 
dis moved until the same sound, as tested by rapid movements of 
the switch, is heard in both circuits. The displacement of ad gives 


the value of the sound. 


A milligram of copper is enough to produce aloud sound. Two 
coins can be balanced against each other, and by rubbing one of 
them, or by breathing on one of them,,the balance will be dis- 
turbed and a sound will be produced. 


Prof. Hughes has also dispensed with the audiometer. He has 
used astrip of zinc tapering from a width of 4mm. (.16 inch) at one 
end to a sharp edge or point at the other. The piece to be tested 
being in place in one coil, the strip is moved across the face of the 
other until a balance is obtained. | , 


As possible uses the detection of counterfeit coins, the testing of 
metals for similarity of composition and the location of bullets 
in the body have been suggested. Care has to be taken that no 
masses of metal interfere. Thus in tests of the person of a 
wounded man, the presence of an iron truss, or of metallic bed 
springs may invalidate all conclusions. 


The same principle is carried out in an apparatus in which the 
parts are arranged like the members of a Wheatstone bridge. One 
pair of coils is used, which react on each other as primary and 
secondary coils. One of the coils is in series with a telephone in 
the member of the bridge corresponding to that containing the 
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galvanometer of the Wheatstone bridge. The latter is mote 
properly termed an induction bridge. 


: pee eee Bridge—Inductance Balance—Induction 


Hydro-electric. adj. (a) A current produced by a voltaic couple 
or the couple itself is sometimes thus characterized or designated, 
as a ‘hydro-electric current’ or a ‘‘hydro-electric couple.” It 
distinguishes them from thermo-electric. ~ 


(6) Armstrong’s steam boiler electric machine (see fTydro- 
electric Machine) is also termed a hydro-electric machine. 


Hydro-electric Machine. An apparatus for generating high 
potential difference by the escape of steam through proper nozzles. 


_ it consists of a boiler mounted on four glass legs or otherwise 
insulated. An escape pipe terminates in a series of outlets so 
shaped as to impede the escape of the steam by forcing it out of 
the direct course. These jets are lined with hard wood. They 
are enclosed in or led through a box which is filled with cold water. 





















































Fig. 199. Armstronc’s Hypro-gLectric Macuine. 
This is to partly condense the steam so as to get itinto the vesicular 


state, which is found essential to its action. Dry steam produces 
no excitation. Ifthe boiler is fired and the steam is permitted to 
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escape under the above conditions the vesicles presumably, or the 
— “steam”? is found to be electrified. A collecting comb held against 
the jet beconies charged and charges any connected surface. 


The boiler in the above case is negatively and the escaping 
“steain 7” is positively charged. By changing the material of the 
linings of the jets, or by adding turpentine the sign of the elec- 
tricity is reversed. If the water contains acid or salts no electricity 


is produced. The regular hydro-electric machine is due to Sir 


William Armstrong. 
Faraday obtained similar results with moist air currents. 


Hydrogen. An element existing under all except the most 
extreme artificial conditions of pressure and cold asa gas. It is 
the lightest of known substances. Atomic weight, 1; molecular 
weight, 2; equivalent, 1 ; valency, 1; specific gravity, .o69I—.0695. 
(Dumas & Boussingault.) 

It is a dielectric of aboutthe same resistance as air. Its specific 
inductive capacity at atmospheric pressure is: 
.9997 (Baltzman) 
.9998 (Ayrton) — 
Electro-chemical equivalent, .o105 milligram. 
The above is usually taken as correct. Other values are as 
follows : 
.010521 (Kohllrausch) 
-Oo10415 (Mascart) 


The electro-chemical equivalent of any element is obtained by 
multiplying its equivalent by the electro-chemical equivalent of 
hydrogen. ‘The value .o105 has been used throughout this book. 


Hygrometer. An instrumentfor determining the moisture in the 
air. One form consists of a pair of thermometers, one of which 
has its bulb wrapped in cloth which is kept moist during the obser- 
vation. The evaporation is more or less rapid according to the 
dryness or moisture of the air, and as the temperature varies with 
this evaporation the relative readings of the two thermomieters 
give the basis for calculating the hygrometric state of the air. 
Another form determines the temperature at which dew is deposited 
on a silver surface, whence the calculations are made. _ 


: Hysteresis, Magnetic. A phenomenon of magnetization of 
iron. It may be attributed to a sort of internal or molecular 
friction, causing energy to be absorbed when iron is magnetized. 
Whenever therefore the polarity or direction of magnetization ofa 


mass of iron is rapidly changed a considerable expenditure of energy . 


is required. It is attributed to the work done in bringing the 
molecules into the position of polarity. 
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The electric energy lost by hysteresis may be reduced by vibra 
tions or jarring imparted to the iron, thus virtually substituting 
mechanical for electrical work. 

On account of hysteresis the induced magnetization of a piece of 
iron or steel for fields of low intensity will depend on the manner 
in which the material has been already magnetized. Let the 
intensity of field increase, the magnetization increasing also ; then 
lower the intensity ; the substance tends to and does retain some of 
itsmagnetism. Then on again strengthening the field it will have 
something to build on, so that when it attains its former intensity 
the magnetization will exceed its former value. For a moderate 


value of intensity of field the magnetization can have many values 


within certain limits. | 
Synonym—Hysteresis—Hysteresis, Static—Magnetic Friction. 


Hysteresis, Viscous. The gradual increase or creeping up of 
magnetization when a magnetic force is applied with absolute 
steadiness to a piece of iron. It may last for half an hour or more 
and amount to several per cent. of the total magnetization. It is 
a true magnetic lag. 


I. A symbol sometimes used to indicatecurrent intensity. Thus 
Ohin’s law is often expressed I = E/R, meaning current intensity is 
equal to electro-motive force divided by resistance. C is the more 
general symbol for current intensity. 


Ideoelectrics or Idioelectrics. Bodies which become electric by 
friction. ‘Titis was the old definition, the term originating with 
Gilbert. It was based on a misconception, as insulation is all that 
is requisite for frictional electrification, metals being thus electrified 
if held by insulating handles. The term is virtually obsolete ; as 
far as it means anything it means insulating substances such as 
sealing wax, sulphur, or glass. 

Idle Coils. Coils in a dynamo, in which coils no electro-motive 
force is being generated. This may occur when, as a coil breaks 
connection with the commutator brush, it enters a region void of 
lines of magnetic force, or where the lines are tangential to the 
circle of the armature. 


Idiostatic Method. A method of using the absolute or attracted 
disc electrometer. (See Electrometer, Absolute.) ‘The suspended 
disc and guard ring are kept at the same potential, which is that of 
one of the points whose potential difference is to be determined ; 
the lower fixed disc is connected to the other of the points whose 
potential difference is to be determined. Then we havethe formula 

V8 “FF 
Vi = 





in which d@ is the distance between the discs, V is the difference of 
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potential of the two points, F the force of attraction between the 
discs in dynes, and S the area of the suspended disc. (See Hetero- 
static Method.) | 


Idle Poles. Poles of wire sealed into Crookes’ tubes, not used 
for the discharge connections, but for experimental connections to 
test the effect of different excitation on the discharge. 


Idle Wire. Inadynamo the wire which plays no part in generat- 
ing electro-motive force. In a Gramme ring the wire on the inside 
of the ring is idle wire. 


Igniter. In arc lamps with fixed parallel carbons of the Jabloch- 
koff type (see Candle, Jablochkoff) a strip of carbon connects the 
ends of the carbons in the unused candle. This is necessary to 
start the current. Such strip is called an igniter. It burns away 
in a very short time when an arc forms producing the light, and 
lasts, if all goes well, until the candle burns down to itsend. With- 
out the igniter the current would not start and no arc would form. 


I. H. P. Symbol for indicated horse-power. 


Iluminating Power. The relative light given by any source 
compared with a standard light, and stated in terms of the same, as 

a burner giving an illuminating power of sixteen candles. For 
' standards see Candle, Carcel—Methven Standard—FPentane Stand- 
ara. 


Iuminating Power, Spherical. The illuminating power of a 


lamp or source of light may vary in different directions, as in the 
case of a gas burner or incandescent lamp. Theaverage illuminat- 
ing power determined by photometric test or by calculation in all 
directions from the source of light is called the spherical illuminat- 
ing power, or if stated in candles is called the spherical candle 
power. é 


Ilumination, Unit of. An absolute standard of light received by 
a surface. Preece proposed as such the light received from a stand- 
ard candle (see Candle, Standard) at a distance of 12.7 inches. 
The object of selecting this distance was to make it equal to the 
Carcel Standard (see Carcel), which is the light given by a Carcel 
lamp at a distance of one meter. 


From one-tenth to one-fiftieth this degree of illumination was 
found in gas-lighted streets by Preece, depending on the proximity 
of the gas lamps. 


Image, Electric. An electrified point or system of points on 
one side of a surface which would produce on the other side of that 
surface the same electrical action which the actual electrification of 
that surface really does produce. (Maxwell.) 
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The method of investigating the distribution of electricity by 
electric images is due to Sir William Thomson. The conception is 
purely a theoretical one, and is of mathematical value and interest. 


Impedance. ‘The ratio of any impressed electro-motive force to 
the current which it produces in a conductor. For steady currents 
it is only the resistance. For variable currents it may include 
besides resistance inductance and permittance. It is the sum of 
all factors opposing a current, both ohmic and spurious resistances. 
It is often determined and expressed as ohms. | 

Synonym—Apparent Resistance—Virtual Resistance. 


Impedance, Oscillatory. The counter-electro-motive force 
offered to an oscillatory discharge, as that of a Leyden jar. It 
varies with the frequency of the discharge current. 

Synonym—Impulsive Impedance. 


Impressed Electro-motive Force. The electro-motive force 
expending itself in producing current induction in a neighboring 
circuit. | 


Impulse. (a) An electro-magnetic impulse is the impulse 
produced upon the luminiferous ether by an oscillatory discharge 
or other varying type of current; the impulse is supposed to be 
identical, except as regards wave-length, with a light wave. 


(6) An electro-motive impulse is the electro-motive force which rises 
so high as to produce an impulsive or oscillatory discharge, such as 
that of a Leyden jar. 


Incandescence, Electric. The heating ot a conductor to red, 
or, more etymologically, to white heat by the passage of an elec- 
tric current. The practical conditions are a high intensity of 
current and alow degree of conductance of the conductor relatively 
speaking. 


Inclination Map. A map showing the locus of equal inclina- 
tion or dips of the magnetic needle. The map shows a series of 
lines, each one of which follows the places at which the dip of 
the magnetic needle is identical. The map changes from year to 
year. (See Magnetic Elements.) 


Independence of Currents in Parallel Circuits. If a number 
of parallel circuits of comparatively high resistance are supplied 
by asingle generator of comparatively low resistance, the current 
passed through each one will be almost the same whether a single 
one or all are connected. Under the conditions named the 
currents are practically independent of each other. 


Indicating Bell. An electric bell arranged to drop ashutter or 


disclose in some other way a designating number or character 
when rung. 
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Indicator. (2) An apparatus for indicating the condition of a 
distant element, such as the water level in a reservoir, the tem- 
perature of a drying room or coldstorage room or any other datum. 
They are of the most varied constructions. 


(6) The receiving instrument Ina telegraph system is sometimes 
thus termed. | 


Indicator, Circuit. A galvanometer used to show when a cir- 
cuit is active, and to give an approximate measurement of its 
strength. It is aless accurate and delicate form of instrument than 
the laboratory appliance. 


Inductance. The property of a circuit in virtue of which it 
exercises induction and develops lines of force. It is defined 
variously. As clear and satisfactory a definition as any is the fol- 
lowing, due to Sumpner and Fleming: Inductance is the ratio 
between the total induction through a circuit to the current pro- 
ducing it. ‘‘Thus taking a simple helix of five turns carrying a 
current of two units, and assuming that 1,000 lines of force passed 
through the central turn, of which owing to leakage only goo thread 
the next adjacent on each side, and again only 800 through the 
end turns, there would be 800 -++ 900 -++- 1000 ++ g00 + 800, or 4,400 
linkages of lines with the wire, and this being with 2 units of cur- 
rent, there would be 2,200 linkages with unit current, and conse- 
quently theself-inductance of the helix would be 2,200 centimetres. as 
(Kennelly.) Inductance, as regards its dimensions is usually re- 
duced to a length, hence the last word of the preceding quotation. 


The practical unit of inductance is termed the henry, from Prof. 
Joseph Henry ; the secohm, or the quad or quadrant. The latter 
alludes to the quadrant of the earth, the value in length of the 
unit in question. : 


Induction, Coefficient of Self. The coefficient of self-induc- 
tion of a circuit is the quantity of induction passing through it per 
unitecurrent init. Ifa given circuit is carrying a varying current 
it is producing a varying quantity of magnetic induction through 
itself. ‘The quantity of induction through the circuit due to its 
current is generally proportional to its current. The quantity for 


unit currentis the coefficient of self-induction. (Emtage.) 


Induction, Cross. ‘The induction of magnetic lines of force in 
a dynamo armature core by the current passing around such arma- 
ture. ‘These lines in a symmetrical two pole machine are at right 
angles to the lines of force which would normally extend across 
the space between the two magnet poles. The joint magnetizing 
cffect of the field and of the cross induction produces a distorted 
field between the poles. 


Synonym—Cross-magnetizing Effect. 
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Induction, Electro-magnetic. The inter-reaction of electro- 
magnetic lines of force with the production of currents thereby. 


A current passing through a conductor establishes around ita 
field of force representing a series of circular lines of force concen- 
tric with the axis of the conductor and perpendicular thereto. 
These lines of force have attributed to them, as a representative of 
their polarity, direction. This is of course purely conventional. 


If one is supposed to be looking at the end of a section of con- 


ductor, assuming a current be passing through it towards the 
observer, the lines of force will have a direction opposite to the — 
motion of the hands of a watch. The idea of direction may be 
referred to a magnet. Init the lines of force are assumed to go 
from the north pole through the air or other surrounding dielectric 
to the south pole. 


Two parallel wires having currents passing through them in the 
same direction willattract each other. Thisis because the oppositely 
directed segments of lines of force between the conductors destroy 
each other, and the resultant of the two circles isan approximation 
to an ellipse. As lines of force tend to be as short as possible the 
conductors tend to approach each other to make the ellipse become 
of as small area as possible, in other words to become a circle. 


If on the other hand the currents in the conductors are in oppo- 
site directions the segments of the lines of force between them will 
have similar directions, will, as it were, crowd the intervening: 
ether and the wires will be repelled. 
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Fig. 200. ATTRACTION oF ConpucTors CARRYING SIMILAR CURRENTS. 


By Ampére’s theory of magnetism, (see Magnetism, Ampére’s 
Theory of,) a magnet is assumed to be encircled by currents 
moving in the direction opposite to that of the hands of a watch 
as the observer faces the north pole. A magnet near a wire tends 
to place the Ampérian currents parallel to the wire, and so that 
the portion of the Ampérian currents nearest thereto will corre- 
spond in direction with the current in the wire. 


e 
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This is the principle of the galvanometer. A number of 
methods of memoria technica have been proposed to remember it by. 


Thus if we imagine a person swimming with the current and 
always facing the axis of the conductor, a magnetic needle held 
where the person is supposed to be will have its north pole deflected 
to the right hand of the person. 
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Fig. 201. REPULSION OF CONDUCTORS CaRRYING OpposITE CuRRENTS. 


Again if we think of a corkscrew, which as it is turned screws 
itself along with the current, the motion of the handle shows the 
direction of the lines of force and the direction in which the north 
pole of a needle is deflected. This much is perhaps more properly 
electro-dynamics, but is necessary as a basis for the expression of 
induction. 


If a currentis varied in intensity in one conductor it will induce 
a temporary current in another conductor, part of which is parallel to 
the inducing current and which conductor isclosed so as to form a 
citcuit. Ifthe inducing current is decreased the induced current 
in the near and parallel portion of the other circuit will be of 
identical direction; if increased the induced current will be of 
opposite direction. 


This is easiest figured by thinking of the lines of force surtound- 
ing the inducing conductor. Ifthe current is decreased these can 
be imagined as receiving a twist or turn contrary to their normal 
direction, as thereby establishing a turn or twist in the ether surround- 
ing the other wire corresponding in direction with the direction 
of the original lines of force, or what is the same thing, opposite in 
direction to the the original twist. But we may assume that the 
establishment of such a disturbance causes a current, which must 
Bs governed in direction with the requirements of the new lines of 
orce. | 


The same reasoning applies to the opposite case. 


_ The general statement of a variable current acting on aneighbor- 
ing circuit also applies to the approach or recession of an unvary- 





A RE a a See eC UE Seno 


STANDARD ELECTRICAL DICTIONARY. 301 


ing current, and to the cutting of lines of force by a conductor at 
right angles thereto. For it is evident that the case of a varying 
current is the case of a varying number of lines of force cutting or 
being cut by the neighboring conductor, As lines of force always 
imply a current, they always imply a direction of such current. 
The cutting of any lines of force by a closed conductor always 
implies a change of position with reference to all portions of such 
conductor and to the current and consequently an induced current 
or currents in one or the other direction in the moving conductor. 


As the inducing of a current represents energy abstracted from 
that ofthe inducing circuit, the direction of the induced current is 
determined by (Lenz’s Law) the rule that the new current will 
increase already existing resistances or develop new ones to the 
disturbance of the inducing field. 


In saying that a conductor cutting lines of force at right angles 
to itself has a current induced in it, it must be understood that if = 
not at rightangles the right angle component of the direction of 
the wire acts in generating the current. The case resolves itself 
into the number of lines of force cut at any angle by the moving 
wire. 

The lines of force may be produced by a magnet, permanent or 
electro. This introduces no newelement. The magnet may be 
referred, as regards direction of its lines of force, to its encircling 
currents, actual or Ampérian, and the application of the laws just 
cited will cover all cases. 


Induction, Coefficient of Mutual. The coefficient of mutual 
induction of two circuits is the quantity of magnetic induction 
passing through either of them per unit current in the other. 
(Hmtage.) It is aiso defined as the work which must be done on 
either circuit, against the action of unit current in each, to take it 
away from its given position to an infinite distance from the 
other; and also as the work which would be done by either circuit 
on the other in consequence of unit current in each, as the other 
moves from an infinite distance to its given position with respect 
to the other conductor. It depends on the form, size, and relative 
position of the two circuits; and on the magnetic susceptibilities 
of neighboring substances. 


‘The ether surrounding two circuits of intensity 7 and 2” must 
possess energy, expressible (Maxwell) as VP ae tbe 72 Ni. 
It can be shown that J7771in any given position of the two cir- 


_ euits is numerically equal (1) to the mutual potential energy of 


the two circuits (2) to the number of lines of induction, which 
being due to A, pass from A through B, or equally being due to B, 
pass from B through A, and J 1s styled the coefficient of mutual . 
induction. (Daniell.) ee | | | 
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Induction, Electrostatic. An electrostatic charge has always 


an opposite and bound charge. This may be so distributed as not. 


to be distinguishable, in which case the charge is termed, incor- 
rectly but conventionally, a free charge. But when a charge is 
produced an opposite and equal one always is formed, which is the 
bound charge. ‘The region between the two charges and permeated 
by their lines of force, often curving out so as to embrace a volume 
of cross-sectional area larger than the mean facing area of the 


excited surfaces, is an electrostatic field of force. The establishing © 


of an electrostatic field, and the production of a bound charge are 
electrostatic induction. 

An insulated conductor brought into such a field suffers a redis- 
tribution of its electricity, or undergoes electrostatic induction. 
The parts nearest respectively, the two loci of the original and the 
bound charges, are excited oppositely to such charges. The con- 
ductor presents two new bound charges, one referred to the original 
charge, the other to the first bound charge. 


Induction, Horizontal. In an iron or steel ship the induction 
exercised upon the compass seedle by the horizontal members of 
the structure, such as deck-beams, when they are polarized by the 
earth’s magnetic induction. This induction disappears four times 
in swinging a ship through a circle ; deviation due to it is termed 
quadrantal deviation. (See Deviation, Quadrantal.) 


Induction, Lateral. A term formerly used to express the 
phenomenon of the alternative discharge of a Leyden jar or other 
oscillatory discharge of electricity. (See Discharge, Alternative.) 


Induction, Magnetic. The magnetization of iron or other 
paramagnetic substance by a magnetic field. 

On account of its permeability or multiplying power for lines of 
force, a paramagnetic body always concentrates lines of force in 
itself if placed in a magnetic field, and hence becomes for the time 
being a magnet, or is said to be polarized. . | 

Asthe tendency of lines of force is to follow the most permeable 
path, a paramagnetic bar places itself lengthwise or parallel with the 
prevailing direction of the lines of force so as to carry them as 
far on their way as possible. Every other position of the bar is 
one of unstable equilibrium or of no equilibrium. The end of the 
bar where the lines of force enter (see Lines of Force) is a south 
pole and is attracted towards the north pole of the magnet. 


The production of magnetic poles under these conditions in the 


bar is shown by throwing iron filings upon it. They adhere to- 


- both ends but not to the middle. 


Induction, Mutual, Electro-magnetic. ‘The induction due te 
two electric currents reacting on each other. 
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Induction, Mutual, Electrostatic. A charged body always 
induces a charge upon any other body near it; and the same 
charge in the second body will induce the other charge in the first 
body if the latter is unexcited. In other words the second body’s 
induction from the first is the measure of the charge the second 
would require to induce in the first its own (the second’s) induced : 
charge. This is the law of mutual electrostatic induction. 


Induction, Open Circuit. Inductive effects produced in open 
circuits. By oscillatory discharges a discharge can be produced 


‘across a break in a circuit otherwise complete. The requirements 


for its production involve a correspondence or relation of its dimen- 
sions to the inducing discharge. The whole is analogous to the 
phenomena of sound resonators and sympathetic vibrations. 


Synonym—Oscillatory induction. 


Induction, Self=. (a) A phenomenon of electric currents anal- 
ogous to the inertia of matter. Just as water which fills a pipe would 
resist a sudden change in its rate of motion, whether to start from 
rest, tocease or decrease its motion, so an electric current requires 
an appreciable time to startand stop. It is produced most strongly 
in a coiled conductor, especially if a core of iron is contained 
within it. 

As in the case of two parallel wires, one bearing currents 
which vary, momentary currents are induced in the other wire, so 
in a single condutor a species of inertia is found which retards and 
prolongs the current. If a single conductor is twisted into a 
helix or corresponding shape, its separate turns react one on 
the other in accordance with the general principles of electro- 
magnetic induction. (See Induction, Electro-magnetic.) Thus 
when a current is suddenly formed the coils acting upon each 


other retard for an instant its passage, producing the effect ofa 


reverse induced current or extra current opposing the principal 
current. Ofcourse no extra current is perceptible, but only the 
diminution. When the current is passing regularly and the cur- 
rent is broken, the corresponding action prolongs the current or 
rather intensifies itfor aninstant, producing the true extra current. 


This is current self-induction. 
- Synonyms—Electric Inertia—Electro-dynamic Capacity. 
(5) A permanent magnetis said to tend to repel its own magnet- 


ism, and thus to weaken itself; the tendency is due to magnetic 
self-induction. 


Induction Sheath. In the brush dynamo a thin sheet of cop- 
per surrounding the magnet cores with edges soldered together. 
The winding is outside of it. Its object is to absorb extra currents 
set up by variations in magnetic intensity in the cores. These 
currents otherwise would circulate in the cores. 














304. STANDARD ELECTRICAL DICTIONARY. 


Induction, Unit of Self=. The unit of self-induction is the 
same as that of induction in general. It isthe henry, q. v. 


Induction, Unipolar. Induction produced in a conductor which 
continuously cuts the lines of force issuing from one pole of a mag- 
net. As the lines of force are always cut in the same sense a con- 
tinuous and constant direction current is produced. 


Induction, Vertical. In an iron or steel ship the induction or 
attraction exercised in the compass by vertical elements of the 
structure. Such vertical masses of iron in the northern hemi- 
sphere would have their upper ends polarized as south poles, and 
would affect the magnet as soon as the vessel swung out of the mag- 
netic meridian. Thus this induction disappears twice in swing- 
ing a shipthrough a complete circle ; deviation due to it is termed 
semi-circular deviation. (See Deviation, Semti-circular.) 





Vy y 





Fig. 202. InpucroR Dynamo. 


Inductophone. A method of train telegraphy. The train 


carries a circuit including a coil, and messages are picked up by it 


from coils along the line into which an alternating current is 
ver in place of a sounder 


passed. A telephone is used as a recel 
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or relay. The inyention, never practically used, is d se 
loughby Smith. P y » Is due to Wil 


Inductor. (z) Inacurrent generator a mass of iron, generally - 
laminated, which is moved past a magnet pole to increase the 
number of lines of force issuing therefrom. It is used in inductor 
dynamos. (See Dynamo Inductor.) Inthe cut Fig. 202, of an in- 
ductor dynamo 7, z, are the laminated inductors. : 


6) In influence machines the paper or tinfoil armat ; 
the electrification is induced. : ures on which 


Inertia.. A force in virtue of which every bod ists in i 
: y bo ersists in its 
state of motion or rest except so far as it is acted anbe some force. 


Inertia, Electro-magnetic. ‘This term is sometimes applied to 
the phenomena of self-induction, or rather to the cause of these 
phenomena. 


Infinity Plug. A plug in a resistance box, which on being 
pulled out of its seat opens the circuit or makes it of infinite resist- 
ance. The plug seats itself between two brass plates which are 


not connected with each other in any way. The other plates are 
connected by resistance coils of varying resistance. 


Influence, Electric. Electric induction, which may be either 
electrostatic, current, or electro-magnetic. 


Insolation, Electric. Exposure to powerful arc-ligh , 
: e It t Tr d 
effects resembling those of sun-stroke. The above oe oe the 
term ‘‘ electric sun-stroke’’ has been applied to them. 


Installation. The entire apparatus, buildings and appurtenances 
of a technical or manufacturing establishment. An electric light 
installation, for instance, would include the generating plant, an 
special buildings, the mains and lamps. es 


Insulating Stool. <A support for a person, used i i 
with static generators. It has erdinante a Pode eee 
legs. It separates one standing on it from the earth and enables 
his surface to receive an electrostatic charge. This tends to make 
his hair stand on end, and any one on the floor who touches him 
will receive ashock. 


Insulating Tape. Prepared tape. used in coveri 
Tape. ed tape. vering the ends of 
wire where stripped for making joints. After the Geaeed ends of 
Eve pieces are se together, and if necessary soldered and 
carefully cleaned of soldering fluid, they may bei i 
wound with insulating vee ier eS 
The tape is variously prepared. It ma , 
od. y be common cotton o 
other tape saturated with any insulating compound, or may be 3s 
strip of gutta percha or of some flexible cement-like composition. 
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Insulating Varnish. Varnish used to coat the surface of glass 
electrical apparatus, to prevent the deposition of hygrometric 
moisture, and also in the construction of magnetizing and induc- 
tion coils and the like. Shellac dissolved in alcohol is much used. 
Gum copal dissolved in_ ether is another. A solution of sealiug 
wax in alcohol is also used. If applied in quantities these may 
need baking to bring about the last drying. (See Shellac V arntsh.) 


Insulator. (a) Any insulating substance. 

(6) A telegraph or line insulator for telegraph wires. (See Jusu- 
lator, Line or Telegraph.) 

Synonyms—Dielectric—Non-conductor. 


Insulator Cap. A covering or hood, generally of iron, placed 
over an insulator to protect it from injury by fracture with stones 


or missiles. 


Insulator, Fluid. (a) For very high potentials, as in induction 
coils or alternating circuits, fluid insulators, such as petroleum or 
resin oil, have been used. Their principal merit is that if a dis- 
charge does take place through them the opening at once closes, 
so that they are self-healing. 

(5) Also a form of telegraph or line insulator in which the lower 
rim is turned up and inwards, so as to form an annular cup which 


is filled with oil. 


Insulator, Line or Telegraph. A support often in the shape 
of a collar or cap, for a telegraph or other wire, made of insulating 
material. Glass is generally used in the United States, porcelain 
is adopted for special cases ; pottery or stone ware insulators have 
been used a great dealin other countries. Sometimes the insu- 
lator is an iron hook set into a glass screw, which is inserted into a 
hole ina telegraph bracket. Sometimes a hook is caused to depend 
from the interior of an inverted cup and the space between the 
shank of the hook and cup is filled with paraffine run in while 
melted. 

Insulators are tested by measuring their resistance while im- 
mersed in a vessel of water. 


Intensity. Strength. The intensity of a current or its amper- 
age or strength ; the intensity or strength of a magnetic field or its 
magnetic density ; the intensity or strength of alight are examples 
ofits use. In the case of dynamic electricity it must be distin- 
guished from tension. The latter corresponds to potential differ- 
ence or voltage and is not an attribute of current ; intensity has no 
reference to potential and is a characteristic of current. 


Intensity of a Magnetic Field. The intensity of a magnetic 
field at any point is measured by the force with which it acts on a 
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unit magnet pole placed at that point. Hence unit i ; 
field is that intensity of field which acts on a unit pole one ee 
of one dyne. (S. P. Thomson.) (See Magnetic Lines of Force.) 


Intercrossing. Crossing a pair of conductors of a metallic cir- 
cuit from side to side to avoid induction from outside sources 


Intermittent. Acting at intervals, as an intermi 
earth, or grounding of a telegraph wi fe ermittent contact, 


Interpolar Conductor. A conductor counecti 

: cting the two poles 
of a battery or current gen . A jas pole 
Oa edit. VA generator ; the external circuit in a galvanic 


Interpolation. A process used in i ; 

; : getting a closer a = 

tion to the truth from two varying Sheervetigns as ofa palvanane 

OEE, . The process varies ie different cases, but amounts to 
etermining an average or de ucing a proporti i 

the discrepant observed ones. Proportional reading irom 


Interrupter. A circuit breaker. It may b 

: ° j y pe operated by hand 
or be automatic. (See Circuit Breaker—Circui 

matic-—aund others. ) Circuit Breaker, Auto- 


Interrupter, Electro-magnetic, fora Tunin 

( ¢ Fork. An ~ 
atus for interrupting a current which passes through an lec: 
magnet near and facing one of the limbs of a tuning fork. The 
circuit is made and broken by the vibrations of another tuning fork 
CN lar the peat passes. The second one is thus made 
o vibrate, although it may be very far i 
ee ea. y y far off and may not be in exact 


The first tuning fork has a contact poi its lj 
cunning point on one of its lim 
close the circuit ; it may be one which dips into a mercury ane = 


Intrapolar Region. A term in medical electricity, 
: 2 ectricity, d 
part of a nerve through which a current is passing. y, denoting the 


Ions. ‘The products of decomposition i i 
electrolysis are termed zoms, the ba Sieh eee at the Sade 
or negative electrode is the auzon. The electrode cotncetcd 
to the carbon or copper plate of a wet battery is ananode. Thus in 
the electrolysis of water oxygen is the anion and hydrogen i 
termed the sation. In this case both anion and kation ee Sie 
ments. In the decomposition of copper sulphate the anion is 
properly speaking sulphion (S O,), a radical, and the kation is 
cope anelement. Electro-negative elements or radicals are anions 
ae as oxygen, sulphion, etc., while electro-positive ones. are 
moo euen = i penarres oes ene may be an anion 

! and a kation refer it, i 
the electro-chemical series, q. v. Anion oe ‘the Sh eel 
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goes to the anode or positive electrode ; ation, the ion which goes 
to the kathode or negative electrode. 
Iron. A metal; one of the elements ; symbol, Fe; atomic 


weight, 56; equivalent, 28 and 14,; valency, 4and2. It is a con- 
ductor of electricity. The following data are at 0° C,-32° -F., with 


annealed metal. 


Specific Resistance, 9.716 microhms. 

Relative Resistance, 6.460 

Resistance of a wire, 

(a) x foot long weighing I grain, 1.085 ohms. 
(6) 1 foot long I-1000 inch thick, a 58.45 os 
(c) 1meter long weighing I gram, 7 Ole 
(dq) 1 meter long, I millimeter thick, L227 aac 


Percentage increase in resistance per degree C. 1.8° F. atabout 20° 
C. (68°F.), about 0.5 per cent. 

Resistance ofa 1inch cube, 3.825 microhms. 

Electro-chemical equivalent (Hydrogen — .O105), .147 and .294 


+ 


Iron, Electrolytic. Iron deposited by electrolytic action. 
Various baths are employed for its formation. (See Steeling.) It 
has very low coercive power, only seven to ten times that of nickel. 


Ironwork Fault of a Dynamo. A short circuiting of a dynamo © 


by, or any connection of its coils with, the iron magnet cores or 
other iron parts. i 

Isochronism. Equality of periodic time; as of the times of 
successive beats of a tuning fork, or of the times of oscillations of 
a pendulum. | 

Isoclinic Lines. ‘The lines denoting the locus of sets of equal 
dips or inclinations of the magnetic needle upon the earth’s sur- 
face, the magnetic parallels, q. v. These lines are very irregular. 
(See Magnetic Elements.) | 


Isoclinic Map. A map showing the position of isoclinic lines. 


Isodynamic Lines. Lines marking the locus of places of equal 
magnetic intensity on the earth’s surface. (See Magnetic Ele- 
ments , Poles of Intensity.) 


Isodynamic Map. A map showing the position of isodynamic 
lines. (See Poles of Intensity.) 


Isogonic Lines. Lines on a map marking the locus of or con- | 


necting those points where the declination or variation of the mag- 
netic needle is the same. (See Magnetic Elements—Declination 
of Magnetic Needle.) 


Synonyms—Isogonal Lines—Halleyan Lines. 
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Isogonic Map. A map showing the isogonic lines. Onsuch a 
map each line is characterized and marked with the degrees and 
direction of variation of the compass upon itself. 


Synonym—Declination Map. 


Isolated Plant, Distribution or Supply. The system of 
supplying electric energy by independent generating systems, 
dynamo or battery, foreach house, factory or other place, as contra- 
distinguished from Central Station Distribution or Supply. 


Isotropic. (Grk. 160 and tpoos, equalin manner.) Having equal 
properties in all directions ; the reverse of anisotropic, q. v. Thus 
a homogeneous mass of copper or silver has the same specific 
resistance in all directions and is an zsotropic conductor. Glass 
has the same specific inductive capacity in all directions and is an. 
isotropic medium or dtelectric. The same applies to magnetism. 
Iron is an zsotropic paramagnetic substance. (See Anisotropic.) 
The term applies to other branches of physics also. : 


I. W. G. Contraction for Indian Wire Gauge—the gauge 


' adopted in British India. ; 


J. Symbol for the unit joule, the unit of electric energy. 


Jacobi’s Law. A law of electric motors. It states that the 
maximum work of a motor is performed when the counter-electro- 
motive force is equal to one-half the electro-motive force expended 
on the motor. 


Jewelry. Small incandescent lamps are sometimes mounted as 
articles of j ewelry in scarf-pins or inthe hair. They may besupplied 
with current from storage or from portable batteries carried on the 
person. 


Joint, American Twist. A joint for connecting telegraph 
wires, especially aerial lines. Its construction is shown in the 
cut. The end of each wire is closely wound around the straight 
portion of the other wire for a few turns. 





Fig. 203. AmERICAN Twist Joint. 


Joint, Britannia. A joint for uniting the ends of telegraph and 
electric wires. The ends of the wires are scraped clean and laid 
alongside each other for two inches, the extreme ends being bent 
up at about right angles to the wire. A thin wire is wound four 
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or five times around one of the wires, back of the joint, the wind- 

ing is then continued over the lapped portion, and a few more turns 

ate taken around the other single wire. The whole is then soldered. 
TAP i : 
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Fig. 204. BRiTANNIA JOINT. 


Joint, Butt. A joint in belting or in wire in which the ends to be 
joined are cut off square across, placed in contact andsecured. It 
ensures even running when used in belting. Any irregularity in 
thickness of a belt affects the speed of the driven pulley. As 
dynamos are generally driven by belts, and itis important to drive 
them at an even speed to prevent variations in the electro-motive 
force, butt joints should be used on belting for them, unless a very 
perfect lap joint is made, which does not affect either the thickness 
or the stiffness of the belt. 

When a butt joint is used in wire a sleeve may be used to 
receive the abutting ends, which may be secured therein by 
soldering. This species of joint has been used on lightning rods 
and may more properly be termed asleeve joint. 


Joint, Lap. (a) In belting a joint in which the ends are oyver- 
lapped, and riveted or otherwise secured in place. If made with- 
out reducing the thickness of the ends it is a bad joint for electrical 
work, as it prevents even running of machinery to which it is 
applied. Hence dynamo belts should be joined by butt joints, or 
if by lap joints the ends should be shaved off so that when joined 
and riveted, there will be no variation in the thickness of the belt. 

(5) In wire lap joints are made by overlapping the ends of the 
wire and soldering or otherwise securing. The Britannia joint 
(see Joint, Britannia,) may be considered a lap-joint. 


Joint, Marriage. A joint for stranded conductors used for 
Galende’s cables. It is made somewhat like a sailor’s long splice. 
Each one of the strands is wound separately into the place whence 

the opposite strand is unwound and the ends are cut off so as to 
abutt. In this way all are smoothly laid in place and soldering is 
next applied. ee 
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Fig. 205. MARRIAGE JoINT. 
Joint, Sleeve. A joint in electric conductors, in which the ends 


of the wires are inserted into and secured in a metallic sleeve or 
tube, whose internal diameter is just sufficient to admit them. 
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Joint, Splayed. The method of joining the ends of stranded 
conductors. The insulating covering is removed, the wires are 
opeued out, and the center wire, heart or core of the cable is cut 
off short. The two ends are brought together, the opened out 
wires are interlaced or crotched like the fingers of the two hands, 
and the ends are wound around the body of the cable in opposite 
directions. The joint is trimmed and well soldered. Tinned wire 
with rosin flux for the soldering is to be recommended. Insu- 
lating material is finally applied by hand, with heat if necessary. 


Joints in Belts. Belt-joints for electric plants where the belts’ 


‘drive dynamos should be made with special care. The least 


inequality affects the electro-motive force. Butt joints are, generally 
speaking, the best, where the ends of the belt.are placed in contact 
and laced. Lap-joints are made by overlapping the belt, and 
uniess the belt is carefully tapered so as to preserve uniform 
strength, the speed of the dynamo will vary and also the electro- 
motive force. - 


Joulad. A name proposed to be substituted for ‘‘joule,” q. V: 
It has not been adopted. 


‘Joule. ‘This term has been applied to several units. 


(a) The practical C. G. S. unit of electric energy and work—the 
yolt-coulomb. It is equal to 10’ ergs—o.73734 foot pound— 
.00134 horse power seconds. A volt-ampere represents one joule 
per second. : : 

6) It has also been used as the name of the gram-degree C. 
thermal unit—the small calorie. 


Synonym—Joulad. 
Joule Effect. The heating effect of a current passing through a 


conductor. It varies with the product of the resistance by the 
square of the current, or with C? R. 


Joule’s Equivalent. The mechanical equivalent of heat, which 
ifstated in foot-pounds per pound-degree F. units, is 772 (772-55)- 
(See Zguivalents.) 3 

Junction Box. In underground distribution systems, an iron 


casing or box in which the feeders and mains are joined, and 
where other junctions are made. 


Synonym—Fishing Box. 
K.. ae symbol for electrostatic capacity. 


Kaolin. A product of decomposition of feldspar, consisting 
approximately of silica, 45, alumina, 40, water, 15. It was used in 
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electric candles of the Jablochkoff type as a constituent of the insu- | 


lating layer or colombin. Later it was abandoned for another 
substance, as it was found that it melted and acted as a conductor. 


Kapp Line of Force. A line of force proposed by Kapp. It is 
equal to 6,000 C. G. S. lines of force, and the unit of area is the 
square inch. Unfortunately it has been adopted by many manu- 
facturers, but its use should be discouraged, as it is a departure 
from the uniform system of units. - 


One Kapp line per square inch — 930 C. G.5S. lines per square 
centimeter. ; 3 


Kathelectrotonus. A term used in medical electricity or elec- 
tro-therapeutics to indicate the increased functional activity induced 
in a nerve by the proximity of the kathode of an active circuit 
which is completed through the nerve. The converse of anelectro- 
tonus. 


-Kathode. ‘The terminal of an electric circuit whence an electro- 
lyzing current passes from a solution. It is the terminal connected 
to the zinc plate of a primary battery. 


Kathodic Closure Contraction. A term in electro-therapeutics ; 
the contractions near where the kathode of an active circuit is 
applied to the body, which are observed at the instant when the 
circuit is closed. 


Kathodic Duration Contraction. A term in electro-thera- 
peuties ; the contraction near where the kathode of an active circuit 
is applied to the body for a period of time. 


K.C.C. Abbreviation for Kathodic Closure Contraction, q. v. 


K. D. C. Abbreviation for Kathodic Duration Contraction, q. v. 


Keeper. A bar of soft iron used to connect the opposite poles 
of a horseshoe magnet or the opposite poles of two bar magnets 
placed side by side. It is designed to prevent loss of magnetism. 
The armature of a horseshoe magnet is generally used as its 
keeper. For bar magnets a keeper is used for each end, the mag- 
nets being laid side by side, with their poles in opposite direction 
but not touching, and a keeper laid across at each end connecting 
the opposite poles. ; 


Kerr Effect. The effect of an electrostatic field upon polarized 
light traversing a dielectric contained within the field. (See Alec- 
trostatic Refraction.) 


Kerr’s Experiment. Polarized light reflected from the polished 
face of a magnet pole has its plane of polarization rotated; when it 
is reflected from the north pole the rotation is from left to right. 
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Key. A switch adapted for making and breaking contact easily 
when worked by hand, as a Morse telegraph key. 


Key Board. A board or tablet on which keys or switches are 
mounted. . 
Key-board. (a) A switch board, q. v. 


(6) A set of lettered keys similar to those of a typewriter 
employed in some telegraph instruments. As each key is depressed 
it produces the contact or break requisite for the sending of the 
signal corresponding to the letter marked upon the key. The 


signal in printing telegraphs, on which such key-boards are used, 
is the reprinting of the letter at the distant end of the line. 


Key, Bridge. A key for use with a Wheatstone Bridge, q.v. It 
it desirable to first senda current through the four arms of the 
bridge in using it for testing resistances and then through the 
galvanometer, because it takes a definite time for the current to 
reach its full strength. ‘This is especially the case if the element 
being measured has high static capacity, as a long ocean cable. If 
the galvanometer connections were completed simultaneously with 
the bridge connections a momentary swing would be produced 
even if the arms bore the proper relation to each other. This 
would cause delay in the testing. A bridge key avoids this by first 
connecting the battery circuit through the arms of the bridge, and 
then as it is still further depressed the galvanometer circuit is 
completed. 





Fig. 206. CHARGE AND DiscHARGE Kty 


Key, Charge and Discharge. A key for use in observing the 
discharge of a condenser immediately after removing the battery. 
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In one typical form it has two contacts, one below and one above, 
and being aspring in itself is pressed up against the upper one. 
Connections are so made that when inits upper position it brings 
the two coatings of the condenser in citcuit with the galvanom- 
eter. When depressed it does the same fora battery. In use it 
is depressed and suddenly released when the galvanometer receives 
the full charge, before there has been time for leakage. This is 
one method of connection illustrating its principle. 


In the cut Z is the spring-key proper. S, is the upper contact 
screw against which the spring normally presses. In this position 
the galvanometer G is in circuit with the opposite coatings of the 
condenser C. On depressing the contact S, is broken and S, is 
made. This brings the battery B in circuit with the condenser 
coatings. On releasing the key it springs up and the galyanometer 
receives the effect of the charge of the condenser as derived from 
the battery. 

Key, Double Contact. A key arranged to close two distinct 
circuits, holding the first closed until the second is completed. It 
is used for Wheatstone bridge work. 


“lk il ay 
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Fig. 207. _Kempr’s DiscuarcE Key. 


Key, Double Tapper. A telegraph key giving contacts alter- 
nately for currentsin opposite directions, used inneedietelegraphy. 


Key, Increment. A key for use in duplex and quadruplex 
telegraphy. Its action is to increase the line current, not merely to 
suddenly turn current into it. | 
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_ Key, Kempe’s Discharge. A key giving a charging, discharg- 
ing and insulating connection, for static condenser work. 
Referring to the cut Zis a lever or spring with upper discharging 
contact s,and lower charging contact s’. In use it is pressed 
down by the insulating handle or finger piece C, until caught by 
the hook attached to the key 7. Thishook is lower down than that 
on the key D, and holds it in contact with the charging contact 
piece S’. On pressing the key /, marked or designated ‘‘ Insulate,”’ 
it springs up, breaks contact at .S’, and catching against the hook 
on J, which key is designated ‘‘Discharge,’’ remains insulated 
from both contacts; next on pressing D it is released and springs 
up and closes the discharge contact S. Itis a form of charge and. 
discharge key. (See Key, Charge and Discharge.) — 


Key, Magneto-electric. A telegraph key whose movements 
operate what is virtually a small magneto-generator, so as to pro- 
duce currents of alternating direction, one impulse for each motion 
of the key. It is employed for telegraphing without a line battery, 
a polarized relay being used. In one very simple form a key is 
mounted on a base with a permanent magnet and connected to the 
armature, so that when the key is pressed downwards it draws the 
armature away from the poles of the magnet. Ifthe magnet or its 


‘armature is wound with insulated wire this action of the key will 


cause instantaneous currents to go through a circuit connected to 
the magnet or armature coils. . 
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Fig. 208. SremEns’ MAGNETO-ELECTRIC Key. 


In Siemens & Haiske’s key an H armature £& is pivoted between 
the poles VV S, of a powerful compound horseshoe magnet, GG. 
It is wound with fine wire and a key handle A is provided for 
working it. In its normal position the handle is drawn upward, 
and the end ss of the armature core isin contact with the south 
sole S of the permanent magnet, and the end 7 with the north 
pole. This establishes the polarity of the armature. - On depress- 
ing the key the contacts are broken and in their place the end 
nm n comes in contact with the south pole and the end s s with 
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the north pole. This suddenly reverses the polarity of the arma- 
ture and sends a momentary current through the armature coil 
which is in circuit with the line. The cut only shows the principle 
of the key, whose construction is quite complicated. 


Key, Makeand Break. An ordinary electric key, usually mak- 

; ing a contact when depressed, and rising by 
spring action when released, and in its rise break- 
ing the contact. | 


Key, Plug. An appliance for closing a circuit. 
Two brass blocks are connected to the terminals, 
but are disconnected from each other. A brass 
plug slightly coned or with its end split so as to 
Fig. 209. Pruc Kry. give itspring action is thrust between the blocks 

to complete the circuit. It is used in Resist- 
ance coils and elsewhere. (See Cozl, Resistance.) Grooves are 
formed in the blocks to receive the plug. 


Key, Reversing. (a) A double key, arranged so that by depress- 
ing one key a current flows in one direction, and by depressing the 
other a current flows in the opposite direction. Itis used in con- 
nection with a galvanometer in experimental, testing or measuring 
operations. 


(6) A key effecting the same result used in quadruplex telegraphy. 


Key, Sliding-Contact. A name given to the key used for 
making instantaneous contacts with the metre wire of a metre 
bridge, q. v. The name is not strictly correct, because it is impor- 
tant that there should be no sliding contact made, as it would wear 
out the wire and make it of uneven resistance. 


It is a key which slides along over the wire and which, when 
depressed, presses a platinum tipped knife edge upon the wire. 
On being released from pressure the key handle springs up and 
takes the knife edge off the wire. This removal is essential to avoid 
wearing the wire, whose resistance per unit of length must be 
absolutely uniform. 


Key, Telegraph. The key used in telegraphy for sending cur- 
rents as desired over the line. It consists of a pivoted lever with 
finger piece, which lever when depressed makes contact between 
a contact point on its end anda stationary contact point on the 
base. ‘This closes the circuit through the line. When released it 
springs up and opens the line circuit. | 





Kilo. A prefix to the names of units; it indicates one thousand 
times, as kilogram, one thousand grams. A few such units are 
given below. 


Kilodyne. A compound unit; one thousand dynes. (See Dye.) 





\ 
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Kilogram. A compound unit; one thousand grams; 2.2046 
pounds avds. 
Kilojoule. A compound unit; one thousand joules, q. Vv. 


Kilometer. A compound unit; one thousand meters ; 3280.899 
feet ; 0.621382 statute miles. (See Meter.) 


Kilowatt. A compound unit; one thousand watts, q. v. 


Kine. An absolute or C. G.S. unit of velocity or rate of motion; 
one centimeter per second ; proposed by the British Association. 


Kirchoff’s Laws. ‘These relate to divided circuits. I. When 
a steady current branches, the quantity of electricity arriving by the 
single wire is equal to the quantity leaving the junction by the 
branches. The algebraical sum of the intensities of the currents | 
passing towards (or passing from) the junction 1s equal to zero ; 
SC =o (Daniell.) In the last sentence currents flowing towards 
the point are considered of one sign and those flowing away from 
it of the other. 

JI. In a metallic circuit comprising within it a source of perma- 
nent difference of potential, EK, the products of the intensity 
of the current within each part of the circuit into the corre- 
sponding resistance are, if the elements of current be all taken 
in cyclical order together, equal to EK; 2 (Cv) =E. Ina metallic 
circuit in which there is no source of permanent difference of 
potential EK = 0, and (C7) —_0; 

This law applies to each-several mesh of a wire network as well 
as to a single metallic loop, and it holds good even when an 
extraneous current is passed through the loop. (Daniell.) 

In this statement of the two laws E stands for electro-motive 
force ; © for current intensity; and 7 for resistance of a single 
member of the circuit. ; 


Knife-edge Suspension. The suspension of an object on a 
sharp edge of steel or agate. The knife edge should abut against 
aplane. The knife edge is generally carried by the poised object. 
Its edge then faces downward and on the support one or miore 
plane or approximately plane surfaces are provided on which it 
rests. Inthe ordinary balance this suspension can be seen. Itis 
sometimes used in the dipping needle. 

It is applied in cases where vertical oscillations are to be pro- 
vided for. 

Knot. ‘The geographical mile ; a term derived from the knots 
on the log line, used by navigators. It is equal to 6,087 feet. 

Synonyms—Nautical Mile—Geographical Mile. 


Kohlrausch’s Law. A law of the rate of travel of the elements 
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and radicals in solutions under the effects of electrolysis. It states 
that each element under the effects of electrolysis has a rate of 
travel for a given liquid, which is independent of the element with 
which it was combined. ‘The rates of travel are stated for different 
elements in centimeters per hour for a potential difference of one 
or more volts per centimeter of path. 


Kookogey’s Solution. An acid exciting and depolarizing 
solution for a zinc-carbon couple, such asa Bunsen battery. Its 
formula is : Potassium bichromate, 227 parts; water, boiling, 
1,134 parts; while boiling add very carefully and slowly 1,558 
co concentrated sulphuric acid. All parts are by weight. Use 
cold. | 


Krizik’s Cores. Cores of iron for use with magnetizing coils, 
q. v. They are so shaped, the metal increasing in quantity per 
unit of length, as the centre is approached, that the pull of the 
excited coil upon them will as far as possible be equal in all 
positions. A uniform cylinder is attracted with varying force 
according to its position; the Krizik bars or cores are attracted 
approximately uniformly through a considerable range. 


L. Symbol for length and also for the unit of inductance or 
coefficient of induction, because the dimensions of inductance are 
length. 


Lag, Angleof. (a) The angle of displacement of the magnetic axis 
of an armature of a dynamo, due to its magnetic lag. The axis of 
magnetism is displaced in the direction of rotation. (See Magnetic 
Lag.) : 3 

(6) The angle expressing the lag of alternating current and 
electro-motive force phases. 


Laminated. «adj. Made up of thin plates, as a laminated arma- 
ture core or converter core. | 


Lamination. The building up of an armature core or other thing 
out of plates. The cores of dynamo armatures or of alternating 
current converters are often laminated. Thus a drum armature 
core may consist of a quantity of thin iron discs, strung upon a rod 
and rigidly secured, either with or without paper insulation between 
the discs. Ifno paper is used the film of oxide on the iron is relied 
on for insulation. The object of lamination is to break up the 
electrical continuity of the core, so as to avoid Foucault currents. 
(See Currents, Foucault.) The laminations should be at right 
angles to the direction of the Foucault currents which would be 
produced, or in most cases should be at right angles to the active 
parts of the wire windings. 





————, 
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Lamination of Armature Conductors. These are sometimes 
laminated to prevent the formation of eddy crrrents. The lamina- 
tion should be radial, and the strips composing it should be insu- 


lated from each other by superficial oxidation, oiling or enamelling, 
and should be united only at their ends. 


ar Ni emk © COTO 




















Lies 


85 
nas ut Avy RT BLV aT TUNE WLW WP oa NTT Fie) 
a t 
=} = G +1) ‘} | RL " oes 
res Ag Se We ab | ——$ S| : 
2S ae == SSS Ps 
SEE se td Eapegente) py eabimauen ence : 
: — = SS aaa a 5 | 
Se —————e | i Pests etait et es ay } 
eeaenumees) 51 HC it TONE 4 : 
—— =: i} ia 
: t 
=a 


< 


t 

0 Vv | 
= ) 
z ! 

I} bs 

=! H 

all te 

= 1 
’ 

ot 

n 

i} 

= | 
1 \\I 

a3 | 


ENERO 


ma 







SEAM eA Ge AL 


(i; i 
i aca 


| y a 
' \| 
rt i 
'! 1 
(i F| il 
} E iba 











Fig. 210. Pirsen Arc Lamp. 
Lamp, Arc. A lamp in which the light is produced by a vol- 
taic arc. Carbon electrodes are almost universally employed. 
Special mechanism, operating partly by spring or gravity and partly 
by electricity, is employed to regulate the distance apart of tae 
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carbons, to let them touch when no current passes, and to separate 
them when current is first turned on. 


The most varied constructions have been employed, examples of 
which will be found in their places. Lamps may in general be 
divided into classes as follows, according to their regulating mech- 
anisin and other features : 


(a) Single light regulators or monophotes. Lamps through 
whose regulating mechanism the whole current passes. These are 
only adapted to work singly ; if several are placed in series on the 
same circuit, the action of one regulator interferes with that of the 
next one. 


(6) Multiple light regulators or polyphotes. In these the regu- 
lating mechanism and the carbons with their arc are in parallel ; 
the regulating device may be asingle magnet or 
solenoid constituting a derived or shunt-circuit 
lamp, or it may include two magnets working 
differentially against or in opposition to each 
other constituting a differential lamp. 


candles (q. v., of various types). 


(2) Lamps without regulating mechanism. 
These include lamps with converging carbons, 
whose object was to dispense with the regulating 
mechanism, but which in some cases have about 
as much regulating mechanism as any of the 
ordinary arc lamps. . | 


Lamp, Contact. A lamp depending for its 
action on loose contact between two carbon elec- 
trodes. At the contact a species of incandescence 
with incipient arcs is produced. One of the 
electrodes is usually flat or nearly so, and the 
other one of pencil shape rests upon it. 


regulation of the distance between whose carbons 
depends on the differential action of two separate 
electrical coils. The diagram illustrates the prin- 
ciple. The two carbons are seen in black; the 
. upper one is movable, The currentarrivesat 4. 
8 It divides, and the greater part goes through the 
Fig. arr. Diagram low resistance coil J/7 to a contact roller 7, end 
OF THE PILSEN thence by the frame to the upper carbon, an 
Diente through thie arc and lower carbon to 4, where 
it leaves the lamp. A smaller portion of the 





current goes through the coil 17’ of higher resistance and leaves — 


(c) Lamps with fixed parallel carbons termed 


Lamp, Differential Arc. An arc lamp, the © the same type. 
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the lamp also at &. A double conical iron core is seen, to which 
the upper carbon holder is attached. This is attracted in opposite 
directions by the two coils. If the arc grows too long its resistance 
increases and the coil 47! receiving more current draws it down and 
thus shortens the arc. If the are grows too short, its resistance 
falls, and the coil J/ receives more current and draws the core up- 
wards, thus lengthening the are. This differential action of the two 
cores gives the lamp its name. A is a pulley over which a cord 
passes, one end attached to the core and the other to a counterpoise 
weight, W. 


Lamp, Holophote. A lamp designed for use alone upon its own 
circuit. ‘These have the regulating mechanism in series with the 
carbon and arc, so that the whole current goes 
through both. (See Lamp, Arc.) 


Synonym—Monophote Lamp. 


Lamp-hour. A unit of commercial supply 
of electric energy; the volt-coulombs re- 
quired to maintain an electric lamp for one 
hour. A sixteen-candle power incandescent 
lamp is practically the lamp alluded to, and 
requires about half an ampere current at I10 
volts, making a lamp-hour equal to about 
198,000 volt-coulombs. 


Lamp, Incandescent. An electric lamp 
in which the light is produced by heating 
to whiteness a refractory conductor by the 
passage of a current of electricity. It is dis- 
tinguished from an are lamp (which etymo- 
logically is also an incandescent lamp) by the 
absence of any break in the continuity of its 
refractory conductor. Many different forms 
and methods of construction have been tried, 
but now all have settled into approximately 





The incandescent lamp consists of a small 
glass bulb, called the lamp-chamber, which is 
exhausted of air and hermetically sealed. It 
contains a filament of carbon, bent into a pi, 31. IncANDESCENT 
loop of more or less simple shape. This shape es PLEcreic LAMe. 
prevents any tensile strain upon the loop and 
also approximates to the outline of a regular flame. 


The loop is attached at its ends to two short pieces of platinum 
wire, which pass through the glass of the bulb and around which 
the glass is fused. As platinum has almost exactly the same 
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coefficient of heat-expansion as glass, the wires do not cause the 


glass to crack. 


The process of manufacture includes the preparation of the fila- 
ment. This is made from paper, silk, bamboo fibre, tamidine, q. 
v., or other material. After shaping into the form of the filament 
the material is carbonized at a high heat, while embedded in char- 
coal, or otherwise protected from the air. The flashing process 
(see Flashing of Incandescent Lamp Carbons) may also be applied. 
The attachment to the platinum wires is effected by aminute clamp 
or by electric soldering. The loop is inserted and secured within 
the open globe, which the glass blower nearly closes, leaving one 
opening for exhaustion. : 


The air is pumped out, perhaps first by a piston pump, but 
always atthe end by a mercurial air pump. (See Pump, Geissler— 
and others.) As the exhaustion becomes high a current is passed 
through the carbons heating them eventually to white heat so as to 
expel occluded gas. The occluded gases are exhausted by the 
pump and the lamp is sealed by melting the glass with a blowpipe 
or blast-lamp flame. For the exhaustion several lamps are usually 
fastened together by branching glass tubes, and are sealed off one 
by one. : 


The incandescent lamps require about 3% watts to the candle 
power, or give about 12 sixteen-candle lamps to the horse power 
expended on them. : 


Generally incandescent lamps are run in parallel or on multiple 
arc circuits. All that is necessary in such distribution systems is 
to maintain a proper potential difference between the two leads 
across which the lamps are connected. Inthe manufacture of lamps 
they are brought to an even resistance and the proper voltage at 
which they should be run is often marked upon them. ‘This may 
be fifty volts and upward. One hundred and ten volts is avery 
usual figure. As current one ampere for a fifty-volt, or about one- 
half an ampere for a one hundred and ten volt lamp is employed. 


Lamp, Incandescent, Three Filament. A three filament lamp 
is used for three phase currents. It has three filaments whose 
inner ends are connected, and each of which has one leading-in 
wire. The three wires are connected to the three wires of the circuit. 
Kach filament receives a current varying in intensity, so that 
there is always one filament passing a current equal to the sum of 
the currents in the other two filaments. — 


Lamp, Lighthouse. A special type of arc light. It is adapted 
for use in a lighthouse dioptric lantern, and hence its arc has 
to be maintained in the same position, in the focus of the lenses. 
The lamps are so constructed as to feed both carbons instead of 
only one, thereby securing the above object. 





' 
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5 Lamp, Pilot. A lamp connected to a dynamo, and used by its 


degree of illumination to show when the dynamo on starting 
becomes excited, or builds itself up. 


Lamp, Polyphote. An arclamp adapted to be used, a number 
in series, upon the same circuit. The electric regulating mechan- 


ism is placed in shunt or in parallel with the carbons and arc. (See 


Lamp, Are.) | 

Lamps, Bank of. A number of lamps mounted on a board or 
other base, and connected to serve as voltage indicator or to show 
the existence of grounds, or for other purposes. 


Lamp, Semi-incandescent. A lamp partaking of the character- 
istics of both are and incandescence ; a lamp in which the imperfect 
contact of two carbon electrodes produces a part of or all of the 
resistance to the current which causes incandescence. . : 


usual type of these lamps includes a thin carbon rod which 
eee Eeainst a Poel of carbon. The species of arc formed at the 
junction of the two heats the carbons. Sometimes’ the upper car- 
bon or at least its end is heated also by true incandescence, the 
current being conveyed near to its end before entering it. 


Semi-incandescent lamps are not used to any extent now. 


Lamp Socket. A receptacle for an incandescent lamp; the 
lamp being inserted the necessary connections with the two leads 
are automatically made in mostsockets. The lamps may be screwed 
or simply thrust into the socket and different ones are constructed 
for different types of lamps. A key for turning the current on and 
off is often a part of the socket. ie 


Latent Electricity. The bound charge of static electricity. 
(See Charge, Bound.) 


Law of Intermediate Metals. A lawof thermo-electricity. The 
electro-motive force between any two metals is equal to the sum of 
electro-motive forces between each of the two metals and any inter- 
mediate metal in the thermo-electric series, or the electro-motive 
force between any two metals is equal to the sum of the electro- 
motive forces between all the intermediate ones and the original 
two metals; it is the analogue of Volta’s Law, q. v. 


Law of Inverse Squares. When force is exercised through 
space from a point, its intensity varies inversely with the square of 
the distance. Thus the intensity of light radiated by a luminous. 
point at twice a given distance therefrom is of one-fourth the inten- 
sity it had at the distance in question. © Gravitation, electric and 
magnetic attraction and repulsion and other radiant forces are 
subject to the same law. 
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Law of Successive Temperatures. A law of thermo-elec- 
tricity. The electro-motive force due to a given difference of 
temperature between the opposite junctions of the. metals is equal 
to the sum of the electro-motive forces produced by fractional 
differences of temperature, whose sum is equal to the given differ- 
ence and whose sum exactly fills the given range of temperature. 


Law, Right-handed Screw. ‘This rather crude name is given 
by Emtage to alaw expressing the relation of direction of current 
in a circuit to the positive direction of the axis of a magnet acted 
on by such current. Itis thus expressed: A right-handed screw 
placed along the axis of the magnet and turned in the direction of 
the current will move in the positive direction, z. ¢., towards the 
north pole of the axis of the magnet. 


Lead. A metal; one of the elements ; symbol Pb. Atomic 
weight, 207; equivalent, 10334; valency, 2. Lead may also be a 
tetrad, when its equivalent is 51.75. The following data are at 0° C. 
(32° F.) with compressed metal : 

Relative Resistance, (Silver—r) 13.05 

Specific Resistance, | 19.63 microhms. 

Resistance of a wire, 


(a) 1 ft. long, weighing I grain, 3.200 ohms. 

(6) 1 meter long, weighing I gram, D232 cee 

(c) 1 meter long, 1 millimeter thick, .2498 ‘S 
Resistance of 1 inch cube, 7.728 microhms. 


Electro-Chemical Equivalent (Hydrogen=.o105) 1.086 mgs. 


Leading Horns. ‘The tips of pole pieces in a dynamo, which 
extend in the direction of movemient of the armature. 


Leading-in Wires. The platinum wires passing through the 
glass of an incandescent lamp-chamber, to effect the connection of 
the carbon filament with the wires of the circuit. 


Lead of Brushes, Negative. In a motor the brushes are set 
backwards from their normal position, or in a position towards the 


direction of armature rotation or given a negative lead instead of © 


a positive one, such as is given todynamo brushes. 


Leak. A loss or escape of electricity by accidental connection 
either with the ground or withsomeconductor. There are various 
kinds of leak to which descriptive terms are applied. 


Leakage. ‘The loss ofcurrent from conductors; due to ground- 
ing at least at two places, or to very slight grounding at a great 
many places, orallalongaline owing to poorinsulation. In aerial or 
pole telegraph lines in wet weather there is often a very large leak- 


age down the wet poles from the wire. (See Surface Leakage—~ 


Magnetic Leakage.) 
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Leakage Conductor. A conductor placed on telegraph poles to 
conduct directly to earth any leakage from a wire and thus prevent 
any but a very small portion finding its way into the other wires 
ou the same pole. It presents a choice of evils, as it increases the 
electrostatic capacity of the line, and thus does harm as wellas good. 
It consists simply of a wire grounded and secured to the pole. 


Leg of Circuit. One lead or side of a complete metallic circuit. 


Lenz’s Law. A law expressing the relations of direction of an 
inducing current or field of force to the current induced by any 
disturbance in the relations between such field and any closed con- 
ductor within its influence. It may be variously expressed. 


(a) If the relative position of two conductors, A andB, be changed, 
of which A is traversed by a current, a current is induced in B in 
such a direction that, by its electro-dynamic action on the current 
in A, it would have imparted to the conductors a motion of the 
contrary kind to that by which the inducing action was produced. 


(Ganot.) 

(6) The new (induced) current will increase the already existing © 
resistances, or develop new resistance to that disturbance of the 
field which is the cause of induction. (Daniell.) 


(c) When a conductor is moving in a magnetic field a current 
is induced in the conductor in such a direction as by its mechanical 
action to oppose the motion. (Emtage.) 

(2) The induced currents are such as to develop resistance to the 
change brought about. 


Letter Boxes, Electric. Letter boxes with electrical con- 
nections to a bell or indicator of some sort, which is caused to act 
by putting a letter into the box. , 


Leyden Jar. A form of static condenser. 


In its usual form it consists ofa glassjar. Tinfoil is pasted around 
the lower portions of its exterior and interior surfaces, covering 
from one-quarter to three-quarters of the wallsin ordinary examples. 
The rest of the glass is preferably shellacked or painted over with 
insulating varnish, q. v. The mouth is closed with a wooden or 
cork stopper and through its centre a brass rod passes which by a 
short chain or wire is in connection with the interior coating of the 
jar. The top of the rod carries a brass knob or ball. | 


If such a jar is held by the tinfoil-covered surface in one hand and 
its knob is held against the excited prime conductor of a static 
machine its interior becomes charged ; an equivalent quantity of 
the same electricity is repelled through the person of the experi- 
menter to the earth and when removed from the conductor it will 
be found to hold abound charge. If the outer coating and knob 
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are both touched or nearly touched by a conductor di Was Apia 
discharge through it takes place. af a disruptive 


If one or more persons act as discharging conductors they will 





Fig. 213. LrypEN Jar wiTH DISCHARGER. 


meee lve tenet cee is done by their joining hands, a person at 

one end touching the outer coating and another pe 

end touching the knob. 2 Be eee OS 
From an influence machine a charge can be taken by connecting 

the coating to one electrode and the knob to the other. 
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Fig. 214. SutpHuric Acip LEYDEN Jar. 


Leyden Jar, Sir William Thomson’s. An especially efficient 
form of Leyden jar. It consists of ajar with outer tinfoil coating 
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only. For the interior coating is substituteda quantity of concen- 
trated sulphuric acid. The central rod is of lead with a foot, which 
ig immersed in the acid and from which the rod rises. A wooden 
cover partly closes the jar, as the central tube through which the 
rod passes is so large as not to allow the wood to touch it. Thus 
any leakage from inner to outer coating has to pass over the inside 
and outside glass surfaces. In the common form of jar the 
wooden cover may short circuit the uncoated portion of the 
inner glass surface. In the cut a simplified form of Thomson’s 
Leyden jar is shown, adapted for scientific work. 


Lichtenberg’s Figures. If the knob of a Leyden jar or other 
exited electrode is rubbed over the surface of ebonite, shellac, resin 
or other non-conducting surface it leaves it electrified in the path 
of the knob. If fine powder such as flowers of sulphur or lycopo- 
dium is dusted over the surface and the excess is blown away, the 

owder willadhere where the surface was electrified, forming what 
are called Lichtenberg’s Figures, Lycopodium and sulphur show 
both positive and negative figures, that is to say, figures produced 
by a positively or negatively charged conductor. Red lead adheres 
only to negative figures. If both positive and negative figures are 
made and the surface is sprinkled with both red lead and flowers 
of sulphur each picks out its own figure, the sulphur going princi-: 
pally to the positive one. 


The red lead takes the form of small circular heaps, the sulphur 
arranges itself in tufts with numerous diverging branches. This in- 
dicates the differencein the two electricities. The figures have been 


described as ‘‘a very sensitive electrosope for investigating the 
distribution of electricity on an insulating surface.’’ (Ganot.) 


Life of Incandescent Lamps. ‘The period of time a lamp 
remains in action before the carbon filament is destroyed. The 
cause of a lamp failing may be the volatilization of the carbon of 
the filament, causing it to become thin and to break; or the 
chamber may leak. The life of the lamp varies; 600 hours is a 
fair estimate. Sometimes they last several times this period. 


The higher the intensity at which they are used the shorter is 
their life. From their prime cost and the cost of current the most 
economical way to run them can be approximately calculated. 


Lightning. The electrostatic discharge to the earth or among | 
themselves of clouds floating in the atmosphere. The discharge is 
accompanied by a spark or other luminous effect, which may be 
very bright and the effects, thermal and mechanical, are often of 
enormous intensity. : 

The lightning flash is white near the earth, but in the upper 
regions where the air is rarefied it is of a blue tint, like the spark 
of the electric machine. The flashes are often over a mile in 
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length, and sometimes are four or five miles long. They have 
sometimes a curious sinuous and often a branching shape, which 
has been determined by photography only recently. To the eye 
the shape seems zigzag. 

In the case of a mile-long flash it has been estimated that 
3,516,480 De la Rue cells, q. v., would be required for the develop- 
ment of the potential, giving the flash over three and one-half 


millions of volts. But as it is uncertain how far the discharge is . 


helped on its course by the rain drops this estimate may be too 
high. 3 

There are two general types of flash. The so-called zigzag flash 
resembles the spark of an electric machine, and is undoubtedly due 
_to the disruptive discharge from cloud to earth. Sheet lightning 
has no shape, simply is a sudden glow, and from examination of 
the spectrum appears to be brush discharges (see Discharge, Brush) 
between clouds. Heat lightning is attributed to flashes below the 
horizon whose light only is seenby us. Globe or ball lightning 
takes the form of globes of fire, sometimes visible for ten seconds, 
descending from the clouds. On reaching the earth they sometimes 
rebound, and sometimes explode with a loud detonation. No 
adequate explanation has been found for them. 


The flash does not exceed one-millionth of a second in duration; 
its absolute light is believed to be comparable to that of the sun, 
but its brief duration makes its total light far less than that of the 
stin for any period of time. 

If the disruptive discharge passes through a living animal it is 
often fatal. Asitreaches the earth it often has power enough to 
fuse sand, producing fulgurites, q. v. (See also Back Shock or 
Stroke of Lightning.) 

Volcanic lightning, which accompanies the eruptions of volcanoes, 
is attributed to friction of the volcanic dust and to vapor con- 
densation. 


Lightning Arrester. An apparatus for use with electric lines 
to carry off to earth any lightning discharge such lines may pick up. 
Such discharge would imperil life as well as property in telegraph 
offices and the like. 


Arresters are generally constructed on the following lines. The 
line wires have connected to them a plate with teeth; a second 
similar plate is placed near this with its teeth opposite to those of 
the first plate and nearly touching it. The second plate is con- 
nected by a low resistance conductor to ground. Any lightning 


discharge is apt to jump across the interval, of a sinall fraction of | 


an inch, between the oppositely placed points and go to earth. 


Another type consists of two plates, placed face to face, and 
pressing between them a piece of paper or mica. ‘The lightning is 
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supposed to perforate this and go to earth. One plate is connected 
to the line, the other one is grounded. 
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Fig. 215. ComsB or TooTHED LIGHTNING ARRESTER. 


The lightning arrester is placed near the end of the line before it 
reaches any instrument. (See Alternative Paths.) 
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Fig. 216. Fitm or PLats LIGHTNING ARRESTER. 


Lightning Arrester, Counter-electro-motive Force. An 
invention of Prof. Hlihu Thompson. A lightning arrester in which 
the lightning discharge sets up a counter-electro-motive force 
opposed to its own. This it does by an induction coil. If a dis- 
charge to earth takes place it selects the primary of the coil as it 
has low self-induction. In itsdischarge it induces in the secondary 


-a reverse electro-motive force which protects the line. 


Lightning Arrester Plates. The toothed plates nearly in con- 
tact, tooth for tooth, or the flat plates of a film lightning arrester, 
which constitute a lightning arrester. Some advocate restricting 
the term to the plate connected to the line. 


Lightning Arrester, Vacuum. A glass tube, almost com- 
pletely exhausted, into which the line wire is fused, while a wire 
leading to an earth connection has its end fused in also. 


A high tension discharge, such as that of lightning, goes to earth 
across the partial vacuum in preference to going through the line, 
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which by its capacity and selfinduction opposes the passage. 


through it of a lightning discharge. ; 
It is especially adapted for underground and submarine lines. 
Lightning, Ascending. Lightning is sometimes observed which 


seems to ascend. - It is thought that this may be due to positive 
electrification of the earth and negative electrification of the clouds. 


Lightning, Globe or Globular. A very unusual form of light- 


ning discharge, in which the flashes appear as globes or balls of 
light. They are sometimes visible for ten seconds, moving so 


slowly that the eye can follow them. They often rebound on 


striking the ground, and sometimes explode with a noise like a 
cannon. ‘They have never been satisfactorily explained. Some- 
times the phenomenon is probably subjective and due to persistence 
of vision. 


Lightning Jar. A Leyden jar whose coatings are of metallic 
filings dusted on to the surface while shellacked, and before the 
varnish has had time to dry. In its discharge a scintillation of 
sparks appears all over the surface. $6 


Line of Contact. ‘The line joining the points of contact of the 
commutator brushes in a dynamo or motor. 


Synonym—Diameter of Commutation. 


Lines of Force. Imaginary lines denoting the direction of 
repulsion or attraction in a eld of force, q. Vv. They may also beso 
distributed as to indicate the relative intensity of all different parts 
of the field. They are normal to equipotential surfaces. (See 
Electro-magnetic Lines of Force—ELlectrostatic Lines of orce— 
Magnetic Lines of Force. | 


Lines of Induction. Imaginary lines within a body marking 
the direction taken within it by magnetic induction. These are 
not necessarily parallel to lines of force, but may, in bodies of uni- 
form agglomeration, or in crystalline bodies, take various directions. 


Synonym—t,ines of Magnetic Induction. 


Lines of Slope. Lines in a field of force which mark the direc- 
tions in which the intensity of force in the field most rapidly falls 
away. : eS 3 ; 

Links, Fuse. Jinks made of more or less easily fusible metal, 
for use as safety fuses. 


Listening Cam. Ina telephone exchange a cam or species of 
switch used to connect the operator’s telephone with a subscriber’s 
line. 
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Lithanode. A block of compressed lead binoxide, with platinum 
connecting foils for use as an electrode in a storage battery. It has 
considerable capacity, over 5 ampere-hours per pound of plates, but 
has not met with any extended adoption. 7 


Load. In a dynamo the amperes of current delivered by it 
under any given conditions. | 


Local Action. (a) In its most usual sense the electric cur- 
rents within a battery, due to impurities in the zinc, which currents 
may circulate in exceedingly minute circuits, and which waste 
zine and chemicals and contribute nothing to the regular current 
of the battery. Amalgamated or chemically pure zinc develops no 
local action. - 


(6) The term is sometimes applied to currents set up within the 
armature core or pole pieces of adynamo. (See Currents, Foucault.) 


Local Battery. A battery supplying a local circuit (q. v.)5 in 
telegraphy, where it is principally used, the battery is thrown in 
and out of action by a relay, and its current does the work of actu- 
ating oe sounder and any other local or station instruments. (See 
Relay. 


Local Circuit. A short circuit on which are placed local appar- 
atus or instruments. Such circuit is of low resistance and its cur- 
rent is supplied by a local battery, q. v. Its action is determined 
by the current from the main line throwing its battery in and-out 
of circuit by a relay, q. v., or some equivalent. 


Local Currents. Currents within the metal parts of a dynamo. 
(See Currents, Foucault.) In a galvanic battery where there is 
local action, q. v., there are also local currents, though they are not 
often referred to. sj 


Localization. Determining the position ot anything, such as a 
break in a cable, or a grounding in a telegraph line. In ocean 
cables two typical cases are the localization of a break in the con- 
ductor and of a defect in the insulation admitting water. The 
first is done by determining the static capacity of the portion of 
the line which includes the unbroken portion of the conductor ; 
the other by determining the resistance of the line ona grounded 
circuit. : 


Locus. A place. ‘The word is used to designate the locality or 
position of, or series of positions of definite conditions and the 
like. Thus an isogonic line is the locus of equal declinations of 
the magnetic needle ; it is a line passing through all places on the 
earth’s surface where the condition of a given declination is found 
to exist. / 


/ 














332 STANDARD ELECTRICAL DICTIONARY. 


Lodestone. Magnetic magnetite ; magnetite is an ore of iron, 
Fe, O,, which is attracted by the magnet. Some samples possess 
polarity and attract iron.. The latter are lodestones. 


Synonym—Hercules Stone 


Logarithm. ‘The exponent of the power to whichit is necessary 
to raise a fixed number to produce a given number. The fixed 
number is the base of the system. 


There are two systems; one, called the ordinary system, has Io 
for its base, the other, called the Naperian system, has 2.71828 for 
its base. ‘The latter are also termed hyperbolic logarithms, and 
are only used in special calculations. 


Log, Electric. An apparatus for measuring the speed of a ship. | 


A rotating helical vane of known pitch is dragged behind the 
vessel. As the helix rotates its movements may actuate electric 
machinery for registering its rotations. The number of thesein a 
given time, multiplied by the pitch of the vane, gives the distance 
traversed in such time. ; 


Loop. A portion of a circuit introduced in series into another 
circuit. The latter circuit is opened by aspring-jack, q. v. or other 
device, and the loop inserted. By loops any number of connec- 
tions can be inserted into a circuitin series therewith, and in series 
or in parallel with one another. 


Loop Break. A double bracket or similar arrangement for 

- holding on insulators the ends of a conductor which is cut between 

‘them, and to which are connected the ends of aloop. The space 
between the insulators may be about a foot. ce 


Luces. ‘This may be used as the plural of lux, q. v. It is the 
Latin plural. pee 


Luminous Jar. A Leyden jar whose coatings are of lozenge- 
shaped pieces of tinfoil between which are very short intervals. 


When discharged, sparks appear all over the surface where the 


lozenges nearly join. 


Lux. A standard of illumination,.q. v., as distinguished from 
illuminating power. 

It is the light given by one candle at a distance of 12.7 inches— 
by acarcel, q. v., ata distance of one meter—or by 10,000 candles 
at 105.8 feet. 


It was proposed by W. H. Preece. All the above valuations are 


identical. 


M. (a) Symbol of gaseous pressure equal to one-millionth ofan 
atmosphere. 





STANDARD ELECTRICAL DICTIONARY. 333 
(6) The Greek m, It, is used as the symbol of magnetic permea- 
bility. 
Machine, Cylinder Electric. A frictional electric machine 
whose rotating glass is in the shape of a cylinder instead of a disc 
as in the more recent machines. 


Machine, Frictional Electric. An apparatus for development 
of high tension electricity by contact action, brought about by 
friction. 
























































Fig. 217. Platz FRicTIoNAL ELectric MACHINE. 


It consists of a plate or cylinder of glass mounted on insulating 
standards and provided with a handle for turning it. One or more 
cushions of leather are held on an insulated support, so as to rub 
against the plate or cylinder as it isturned. A metal comb or 
combs are held on another insulating support so as to be nearly in 
contact with the surface of the glass plate at a point as far removed 
as possible from the rubbers. The combs are attached to a brass 


ball or round-ended cylinder, which is termed the prime conductor. 


‘In use either the prime conductor or cushions are connected by | 
a chain or otherwise with the earth. Assume it to be the cushions. 
As the machine is worked by turning the plate, the glass and 
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cushion being in contact develop opposite electricities. The ylass 
is charged with positive electricity, and as it turns carries it off and 
as it reaches the prime conductor by induction and conduction 
robs it of its negative electricity. Meanwhile the cushions nega- 
tively excited deliver their charge to the earth. The action thus 
goes on, the prime conductor being charged with positive electricity. 


If the prime conductor is connected to the earth andthe cushions 
are left insulated, negative electricity can be collected from the 
cushions. . : 


In some machines both prime conductor and cushions are kept 


insulated and without groundcontact. Electrodes connecting with 


each are brought with their ends close enough to maintain a 
sparking discharge. 


Machine Influence. A static electric machine working by 
induction to build up charges of opposite nature on two separate 
prime conductors. In general they are based on the principle of 
the electrophorous. Work is done by the operator turning the 
handle. This rotates a disc and draws excited parts of it away 
from their bound charges. This represents a resistance to mechan- 
ical motion. The work absorbed in overcoming this mechanical 
resistance appears as electric energy. ‘There are various types of 


influence machines, the Holtz, Toeppler-Holtz and Wimshurst’ 


being the most used. The electrophorous, q. v., is a type of 
influence machine. | 


Machine, Holtz Influence. A. static electric machine. It 
includes two plates, one of which is rapidly rotated in front of the 
other. Two armatures of paper are secured to the back of the 
stationary plate at opposite ends of adiameter. To start it one of 
these is charged with electricity. This charge by induction acts 
through the two thicknesses of glass upon a metal bar carrying 
combs, which lies in front of the further side of the movable plate. 
The points opposite the armature repel electrified air, which strikes 
the movable disc and chargesit. A second rod with comb at the 
opposite end of the same diameter acts in the reverse way. Thus 
opposite sections of the disc are oppositely charged and the combs 
with them. By induction these portions of the disc react upon 
the two armatures. The opposite electricities escape from the 
armatures by paper tongues which are attached thereto and press 
against the back of the movable plate. As the plate rotates the 
opposite electricities on its face neutralize the electricity repelled 
from the combs. The charges on the back strengthen the charges 


ofthe armatures and brass combs. ‘Thus the machine builds up, 


and eventually a discharge of sparks takes place from the poles of 
the brass combs. : 


Machine, Toeppler=Holtz. A modification of the Holtz 
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machine. The priming charge of the armatures is produced by 
friction of metallic brushes against metallic buttons on the face of 
the rotating plate. (See Machine, Holtz.) 


Machine, Wimshurst. A form of static influence machine. It 
consists of two plates of glass, on which radial sectors of tinfoil 
are pasted. Both plates are rotated in opposite directions. The 
sectors of the two plates react one upon the other, and electric 
charges of opposite sign accumulate on the opposite sides of the 
plates and are collected therefrom by collecting combs. 


Mack. A name, derived from Maxwell, and suggested for the 
unit of inductance. It is due to Oliver Heaviside, but has never 
been adopted. (See Henry.) 


Magne-Crystallic Action. The action of asupposed force of 
the same name, proposed by Faraday. It relates to the different 
action of a magnetic field upon crystalline bodies, according to the 
position of their axes of crystallization. A needle of tourmaline, 
normally paramagnetic, if poised with its axis horizontal, is dia- 
magnetic. Bismuth illustrates the same phenomenon. The sub- 
‘ect is obscure. Faraday thought that he saw in it the action of a 
specific force. 


Magnet. A body which tends when suspended by its centre of 
gravity to lay itselfin a definite direction, and to place a definite 
line within it, its magnetic axis, q. v., in a definite direction, 
which, roughly speaking, lies north and south. The same bodies 
have the power of attracting iron (Daniell), also nickel and cobalt. 


Magnets are substances which possess the power of attracting 
iron. (Ganot.) | 


Magnet, Anomalous. A magnet possessing more than the 
normal number (two) of poles. If two straight magnets are placed 
end to end with their south poles in juxtaposition the compound 
bar will seem to possess three poles, one at each end and one in the 
middle. The apparent pole in the middle is really made up of 
two consequent poles,q.v. It sometimes happens that when a 
single long thin bar is magnetized consequent poles are produced, 
although such magnet is in one piece. This may be accidental, as 
in such case it is quite hard to avoid anomalous poles, or, as in 
the field magnets of some forms of dynamos, anomalous poles may 
be purposely produced. 


Magnet, Artificial, A magnet formed artificially by any 


method of magnetization (see Wagnetism) applicable to permanent 


magnets, electro-magnets and solenoids. It expresses the distinc- 
tion from the natural magnets or lodestone, q. v. It is made of 
steel in practice magnetized by some of the methods described 
under Vagnetization. 
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Magnet, Axial. A straight solenoid with axial core. 


Magnet, Bar. A bar magnet is one in the shape of a bar, i. e., 
straight with parallel sides and considerably longer than wide or 
deep. 


Magnet, Bell-shaped. A form of permanent magnet used in 
some galvanometers. In shape it is a thick-sided cylindrical box 
with two slots cut out of opposite sides, so as to make it represent 
a horseshoe magnet. Its shape enables it to be surrounded 
closely by a mass of copper, for damping its motion, to render the 
instrument dead-beat. Such a magnet is used in Siemens & 
Halske’s galvyanometer. ie 


Magnet Coil. A coil to be thrust over an iron core, to make an 
electro-magnet. They are often wound upon paper or wooden 
bobbins or spools, so as to be removable from the core if desired. 


Magnet, Compensating. (a) A magnet fastened near a com- 
pass on an iron or steel ship to compensate the action of the metal 
of the ship upon the magnetic needle. The ship itself always has 
some polarity and this is neutralized by one or more compensating 
magnets. 


(6) See below. 


Magnet, Controlling. A magnet attached to a galvanometer by 
which the directive tendency of its magnetic needle is adjusted. 
In the reflecting galvanometer it often is aslightly curved magnet 
carried by a vertical brass spindle rising from the center of the 
instrument, and which magnet may be slid up and down on the 
spindle to regulate or adjust its action. 5 


Synonym—Compensating Magnet. 


Magnet, Compound. A permanent magnet, built up of a 
number of magnets. Small bars can be more strongly magnetized 
than large. Hence a compound magnet may be made more power- 
ful than a simple one. 


Magnet Core. The iron bar or other mass of iron around which 
insulated wire is wound for the production of an electro-magnet. 


The shapes vary greatly, especially for field magnets of dynamos © 


and motors. For these they are usually made of castiron, although 
wrought iron is preferable from the point of view of permeability. 


Magnet, Damping. A damping magnet is one used for bringing 
an oscillating body torest. The body may bea metallic disc or 
needle, and the action of the magnet depends on its lines of force 


which it establishes, so that the body has to cut them, and hence has 


its motion resisted. 
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Magnet, Deflection of. The change of position of a magnet 
from the plane of the earth’s meridian in which it normally is at 
rest into another position at some angle thereto, by the effect of an 
artificial magnetic field, as the deflection of a galvanometer needle. 


Magnet, Electro=-. A magnet consisting of a bar of iron, bundle 
of iron wires, iron tube or some equivalent, around which a coil 
of insulated wire is wound. Such combination becomes polarized 
when a current is passed through it and is an active magnet. On 
the cessation of the current its magnetism in part or almost com- 
pletely disappears. (See Alectro-magnet.) ‘i 


Magnet, Equator of. In a magnet the locus of points of no 
attractive power and of no polarity. In a symmetrical, evenly 
polarized magnet it is the imaginary line girdling the centre. The 
terms /Veutral Point or Neutral Line have displaced it. 

Synonyms—Neutral Line—Neutral Point. 


Magnet, Field. A magnet, generally an electro-magnet, used 
to produce the field in a dynamo or motor. 


Magnet, Haarlem. Celebrated magnets made in Haarlem, Hol- 
land. Logeman, Van Wetteren, Funckler and Van der Willigen 
were the makers who gave the celebrity to the magnets. They 
were generally horseshoe magnets, and would carry about twenty 
times their own weight. 


Magnet, Horseshoe. A magnet of U shape—properly one with 
the poles brought a little closer together than the rest of the limbs. 
For direct lifting and attractive effects it is the most generally: 
adopted type. Its advantage as regards lifting effect is due to 
small reluctance, q. v., offered by a complete iron circuit, such as 
the armature and magnet together produce. As the term is now 
used it is applied to any U shaped magnet. 





Magnet, Joule’s Electro. An electro-magnet of the shape of 
a cylinder with a longitudinal segment cut-off. It is wound with 
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wire asshown. ‘The segment cut-off is a piece of the same shape 
asthe armature. It is of high power. 


Magnetic Adherence. The tendency of amass ofiron to adhere 
to the poles of a magnet. It is best figured as due to the virtual 
shortening of lines of force, as the more permeable iron gives a 
better path for them than the air can afford, and consequently a 
virtually shorter one. 


Magnetic Attraction and Repulsion. The attraction of a mag- 
net for iron, steel, nickel and cobalt and of unlike poles of magnets 
for each other. It is identical with electro-magnetic attraction, 
q. v- (Also see Zlectro-magnetism.) | 


Magnetic Attraction and Repulsion, Coulomb’s Law of. 
Magnetic attraction and repulsion are inversely as the square of 
the distance. (Ganot.) 


While theoretically true in the case of isolated poles, in practise 
it does not generally apply on account of the large diameter and 
relative shortness of magnets. 


Magnetic Axis. The line connecting the poles ofa magnet. It 
does not generally coincide exactly with any symmetrical axis of 
flgure. In suchcases an error is introduced into the indications of 
the needle which must be determined and allowed for in com- 
passes. To determine it with a magnetic needle the suspension cup 
is made removable, so that the needle can be reversed. Readings 
are taken with one side of the needle and then with the other side 
of the needle up, and the average corresponds with the position of 
the magnetic axis in both positions of the needle. 


Magnetic Azimuth. The angle, measured on a horizontal 
circle, between the magnetic meridian and a great circle of the 
earth passing through the observer and any observed body. It is 
the astronomical azimuth of a body referred to the magnetic 


meridian and therefore subject to the variation of the compass. The 


angle is the magnetic azimuth of the observed body. 


Magnetic Battery. A name for acompound permanent mag- 
net; one made up by bolting or clamping together, or to single soft 
iron pole pieces, a number of single permanent magnets. There 
are a number of forms of compound magnets. In making them 
care has to be taken to have them of even strength. It is also well 
to have them slightly separated. The object of both these precau- 
tions is to prevent astronger element or magnet from depolarizing 
its neighbor. 


Synonym—Compound Magnet. 


Magnetic Bridge. An apparatus for testing the relative per- 
meability of iron. It consists of a rectangular system of iron cores. 
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Three of the sides are wound with wire as shown. ‘The other side 
is built up of double bars, and from the “centre two curved arms 
rise, as shown in the cut. The arms do not touch. Between them a 
short magnet is suspended by a filament, which also carries a 
mirror and an index. 
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Fig. 219. MaGnetic Bripcr. 


A lamp and scale are provided as in the reflecting galvanometer. 
When adjusted the magnetic needle hangs as shown in the cut, 
Fig. 219, without any tendency to turn towards either curved pole 

iece. Ifall iron parts aresymmetrical and of similar metal, a cur- 
reut through the coils will make no difference. It will work in 
magnetic opposition upon the two arms, or, in other words, will 
maintain both arms at identical potential. 

If there is the least difference in permeability, length or thick- 
ness between any of the iron bars the magnetic potential of the two 





Fig. 220. Porte Pieces, Macnetic NEEDLE AnD Mirror or Macnetic BripGE. 


curved arms will differ, and the magnetic needle will turn one way 
or the other. In practical use different samples of iron are sub- 
stituted for the unwound members of the fourth side of the parallel- 
ogram, and the needle by its motions indicates the permeability. 

_ In the cut, Fig. 220, D DY are the ends of the curved pole pieces ; 
A the wire carrying the mirror & and magnetic needle JV, and & is 
the index which shows the larger deflections, 
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Magnetic Circuit. A magnetic field of force is characterized by 
the presence of lines of force, which, while approximately parallel, 
= o curve around andtend to form 

: = closed curves. The polarity 
EE BE Pn ofa field of force is referred 
pA) toan imaginary direction of 
the lines of force from the 
north pole through space to 
the south pole, and in the 
part of the field corresponding 
to the body of the magnet, 
eal from the south to the north 
Eola Aan Gunmama EN SS pole. The cut indicates these 
oN Nena oy NON e features. Hencethe magnetic 

Drs eer ane es BN field of force is termed the 
aoe magnetic circuit, and to it are 


Mees ppensagan: ore ' attributed a species of resisf- 
Fig. 221, ONE-HALF PorTION OF A DouBLE P 
MAGNETIC CIRCUIT. 
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and the producing cause of the 
field or lines of force is termed sometimes magneto-motive force, 
q. v-, corresponding to the electro-motive force. ‘The modern treat- 
ment of the magnetic circuit is similar to the application of Ohm’s 
law and the laws of resistance and conductivity to the electric 
circuit. 

Magnetic Circuit, Double. A magnetic circuit which virtually 
represents two horseshoe magnets placed with their like poles in 
contact. It is used for field magnets, the armatures occupying a 
place between the consequent poles. 


Magnetic Concentration of Ores. The concentration ofores or 
the freeing them from their gangue by magnetic attraction. It is 


only applicable to those cases in which either the ore itself or the . 


gangue is attracted by the magnet. Its principal application is to 
the concentration of magnetic iron sands. (See Magnetic Con- 
centration.) 


Magnetic Concentrator. An apparatus similar to a magnetic 
separator, q. v., but used to concentrate magnetic iron sands. By 
the action of electro-magnets the magnetic iron sand (magnetite) 
is separated from the sand with which it is mixed. ; 


Magnetic Conductivity and Conductance. The first notion 
of permeance and of the magnetic circuit included the idea of 
magnetic conductivity, which conducted lines of force urged by 
magneto-motive force through a magnetic circuit. The terms are 
displaced by permeability and permeance. 


Magnetic Continuity. The completeness of a magnetic circuit, 
as when the armature of a horseshoe magnet is in contact with 





ance termed reluctance, q. v., 
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is an attribute ofa paramagnetic substance only and 
Loe al ee eumane at ppc or for electro-magnets. An 
ai space intervening between armature and magnet poles, or a 
si 2 filled with any diamagnetic substance prevents continuity, 
a ieueh the lines of force to some extent still find their way 
pound: The leakage is increased by discontinuity. 


‘c Control. Control of a magnetic needle, magnet, 
: eae armature, ina galvanometer, ammeter or voltmeter 
a magnetic field; the restitutive force being derived from a 
permanent magnet. 
Magnetic Couple. The couple of magnetic force which tends 
to bring the magnetic needle into the plane of the magnetic 
meridian. One force is represented by the imaginary pull upon the 
north pole, and the other by the opposite pull upon the south pole 
£ the needle. The moment of the couple varies from a maximum 
: hen the needle is at right angles to the plane of the magnetic 
Peridian to zero when it is in such plane. 


netic Creeping. Viscous hysteresis ; the slow increase of 
eres in a paramagnetic body when exposed to induction. 
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Fig. 222. Macnetic Curves or Ficurss. 
Magnetic Curves. The pictorial representation of magnetic 
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lines of force. It is generally produced by scattering filings on a 
sheet of paper or pane of glass held over a magnet. The filings 
arrange themselves in characteristic curves. Tapping the paper 
or pane of glass facilitates the arrangement, or jarring the filings off 


a smaller magnet, so that they fall polarized upon the paper, is’ 


thought by some to improve the effect. The group of curves forms 
what are termed magnetic figures, q. V- | 


Magnetic Declination. The angular deviation of the magnetic 
needle, causing it to rest at an angle with the true meridian ; the 
variation of the compass. (See Wagnetic Hlements.) : 


Magnetic Density. The intensity of magnetization expressed 
in lines of force per stated area of cross-section in a plane at right 
angles to the lines of force. | 


Magnetic Dip. The inclination from the horizontal assumed by 
a magnetic needle free to move in the vertical plane. (See Wagnetic 


Elements.) The angle of dip or inclination is entirely a function of 
the earth, not of the needle. 


Magnetic Discontinuity. A break or gap in a magnetic 
circuit. To make acomplete circuit the iron or other core must 
be continuous. If the armature of a horseshoe magnet is in con- 
tact with both poles the continuity is complete. If the armature 
is not in contact magnetic continuity gives place to discontinuity. 
It is an attribute of a paramagnetic substance only, and is identical 
for permanent magnets, or for electro-magnets. si 


Magnetic Elements. The qualities of the terrestrial magnetism 
at any place as expressed in its action upon the magnetic needle. 


Three data are involved. I. The Declination or Variation. II. . 


The Inclination or Dip. III. The Force or Intensity. I. The 
Declination is the variation expressed in angular degrees of the 
magnetic needle from the true north and south, or is the angle 
which the plane of the magnetic meridian makes with that of the 
geographical meridian. It is expressed as east or west variation 
according to the position of the north pole; east when the north 
pole of the needle is to‘the east of the true meridian, and vice versa. 
Declination is different for different places; it is at present west 
in Europe and Africa, and eastin Asia and the greater part of North 
and South America. The declination is subject to (a) secular, (6b) 
annual and (¢) diurnal variations. These are classed as regular ; 
others due to magnetic storms are transitory and are classed as 
irregular, (a) Secular variations. The following table shows the 
secular variations during some three hundred years at Paris. These 
changes are termed secular, because they require centuries for their 
completion. _ ee Pisa 
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Table of Declination or Variation. 














== ee ° e 4 ° ro . s 
Year Declination. Year. Declination. Year. Declination 
ear. 
eu AWE 
gece © 20/ BH. || 181 22° 34/ W. || 1855 | 19° 57’ W. 
os oe : i335 22° 22’ W. 1860 | 19° 32’ W. 
I 


e fe) Ro A! W. 
O1O4 Ws 1830: (22° 127. W.. 1865 | 18° 4 
alse sae ey WN 1835 |b 2208 40 W. 1875 17° 21” W. 
8s 22° oo’ W. 1850 | 20° 30’ W. 1878 | 17° 00” W. 
1805 22° 5/ W. 


inizi it wi hat there is part of a 
nizing these figures it will be seent 
ae Pe chiek and that the declination is slowly returning to 
ee Pee point after having reached its maximum western at seeee 
ae 834 Upwards of 300 years would be required for its come on 
Ee on the basis of what is known. In other places, note ny : 
erat of Newfoundland, the Gulf of the oe eens oa e a 
i board and in the Britis ; 
of the North American sea Ane Be RC Aeial 
ariations are much more rapid in Progress. \07. 
Be ions These were first arco Sel wath on 
le of annual change of small extent, 
Bee Ta Paris ea London the annual variation is greatest about 
aa Be rAd equinox, Or March 2ist, and diminishes for the es three 
aoe and slowly increases again ae) eae pee 
’ Tt varies during different epochs. (¢) £7? 
Bee covered in 1722 by Graham. A long nee ne oes 
ea loyed, or the reflection of aray oflight, as 1n the reflec ne g a 
Beeler has to be used to observe them. In England the ner pele 
of the magnetic needle moves every day from east 2 wes oe 
Oerice until 1 or 2° P. Me; it then tends towards the ct ae 
Pecovers its original posigon by 10 Fe egeeuien ae ae ee 
needle is almost stationary. AS Tegars ? . eee 
iati from April to September 13 ee 
of diurnal variations at Paris Js : La cere 
to Io’. On some days it amoul 
for the other months from 8 ; ee een 
i than 5’. The amplitude 
ee dics tases trot ee les to the equator. Irregular varia- 
variations decreases from the poles OE ee eaie ac 
i ny earthquakes, the awrora vore 
Bescon in Polar oe the auroral variations oe ee 
i Dee ees! 
- even at 4o° latitude they may be 1° or us 
Beeeinities sometimes ne Oe lange eee ; ane a ee 
j he Inclination 
uted to magnetic storms. LI. . al He eee ee 
i th the horizon, when the vert 
the magnetic needle makes wi We cae 
i die is assumed to be free to move C¢ 
Be actic teria i times called the dzp of the 
i agcnetic meridian. It 1s some ( 
eae Tt ae as does the declination, as shown 1n the following 


table of inclinations of London. 
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Table of Inclination or Dip. 











Year, Inclination. Year. Inclination. Year, Inclination: 
1576 71° 50/ 1790 71° 33/ 1859 68° 21/ 
1600 72° 1800 FOoe 8 5a 1874 6727430 
1676 72° BOC 1821 FOr aI 1876 67° 30/ 


£723 GAL A24 1828 69° 477 1878 672302 

1777.2 722 1% 1823 5/5 602177 1880 6722357 

1780 OPA oye 1854 682.2217 1881 67°2.356 
ee Oe ee ral ere L BOD. 

III. Force or Intensity is the directive force of the earth. It 
varies with the squares of the number of oscillations the magnetic 
needle will make if caused to oscillate from a determined initial 
range. ‘The intensity is supposed to be subject to secular change. 
According to Gauss the total magnetic intensity of the earth is 
equal to that which would be exerted ifin each cubic yard there 
were eight bar magnets, each weighing one pound. This is, of 
course, a rough way of expressing the degree of intensity. Inten- 
sity is least near the magnetic equator and greatest near the mag- 
netic poles; the places of maximum intensity are termed the 
magnetic foci. It varies with the time of day and possibly with 
changes in altitude. 


Magnetic Elongation. The elongation a bar of iron or steel 
undergoes when magnetized. By magnetization it becomes a little 
longer and thinner, there being no perceptible change in volume. 
The change is accompanied by a slight sound—the magnetic tick. 
An exceedingly delicate adjustment of apparatus is required for its 
observation. 


Magnetic Equator. A locus of the earth’s surface where the 
magnet has no tendency to dip. It is, approximately speaking, a 
line equally distant from the magnetic poles, and is called also the 
aclinic line. It is not a great circle of the earth. 


Magnetic Field of Force. The field of force established by amag- 
net pole. ‘The attractions and repulsions exercised by such a field 
follow the course of the electro-magnetic lines of force. (See also 
field of Force.) Thus the tendency of a polarized needle attracted 
or repelled is to follow, always keeping tangential to curved lines, 
the direction of the lines of force, however Sweeping they may be. 
The direction of magnetic lines of force is assumed to be the direc. 
tion in which a positive pole is repelled ora negative one attracted; 
in other words, from the north pole of a magnet to its south pole in 
the outer circuit. The direction of lines of force at any point, and 
the intensity or strength of the field at that point, express the con- 
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i in terms of that 
iti there. The intensity may be expressed in term: 
eens unit pole at unit distance would produce. This intensity 

Ms unitary it has been proposed to term a Gauss. (See Weber.) 


irection of the lines of force in a magnetic field are shown 

b tae Peoaced experiment of sprinkling filings of iron upon 
7 neet of paper held over a magnet pole or poles. They arrange 
themselves, if the paper is tapped, in more or lesscurved lines tend- 
ing to reach from one pole of the magnet to the other. Many 
figures may be produced by different conditions. Two near poles 
of like name produce lines of force which repel each other. (Sea 


tic Curves. : 
Bee eictic oa an electro-magnetic field are identical in all 


essential respects ; the magnetic field may be regarded as a special 


f the electro-magnetic field, but only special as regards its 
 edction and its ached north and south polar regions. 
Synonym—Magnetic Spin (not much used). 
Magnetic Field, Uniform. A field of identical strength in all 
arts, such as the earth’s magnetic field. If artificially produced, 
Phich can only be approximately done, it implies large cross-sec- 
tion of magnet pole in proportion to the length of the magnetic 
needle affected by it, which is used in determining its uniformity. 


netic Figures. The figures produced by iron filings upon 

Aa aoRama near magnetic poles. By these figures ue 
direction of lines of force is approximately given, and a pea oO 
map of the field is shown. (See Magnetic Field of orce—Mag- 
netic Curves.) . 

Magnetic Filament. The successive rows of polarized mole- 
cules assumed to exist in magnetized iron. Each molecule pou 
sents an infinitely small magnet, and its north pole points to the 
south pole of the next molecule. Such a string or row is a theo- 
retical conception based on the idea that the molecules in a ment 
are all swung into paralellism in the magnetizing process. ; 
magnetic filament may be termed the longitudinal element of a 
magnet. (See Magnetism, Hughes’ Theory of.) 


Magnetic Fluids. A two-fluid theory of magnetism has been 
evolved, analogous to the two-fluid theory of electricity. a It 
assumes north fluid or ‘‘ ved magnetism’ and a south fluid or 
“blue magnetism.”’ Kach magnetism is supposed to predominate 
at its own pole and to attract its opposite. Before Be ener 
the fluids are supposed to neutralize each other about each mole- 
cule; magnetization is assumed to separate them, accumulating 
quantities of them at the poles. 


Magnetic Flux. Magnetic induction ; the number of lines of 
force that pass through a magnetic circuit. | 
Synonym—Magnetic Flow. 
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Magnetic Force. The forces of attraction and repulsion exer- 
cised by a magnet. By Ampére’s theory it is identical with the 
forces of attraction and repulsion of electric currents. - 


Magnetic Friction. The damping effect produced on the move- 
ments of a mass of metal by proximity to a magnet ; the phenom- 
enon illustrated in Arago’s wheel, gq. vy. When a mass of metal 
moves in the vicinity of a magnet it cuts the lines of force emanat- 
ing from its poles, thereby producing currents in its mass ; as the 
production of these currents absorbs energy a damping effect is 
produced upon the movements of the mass. | 


Magnetic Gear. Friction gear in which electro-magnetic ad- 
herence is employed to draw the wheels together. (See Adherence, 
Lilectro-magnetic—Electro-magnetic Friction Gear.) , 


Magnetic Inclination. The inclination from the horizontal of 
a magnetic needle placed in the magnetic meridian. (See Mag- 
netic Llement—Inclination Map.) 2 


Synonym—Magnetic Dip. 


Magnetic Induction. The force of magnetization within an 
induced magnet. It is in part due to the action of the surround- 
ing particles of polarized material ; in part to the magnetic field. 
(See Magnetic Induction, Coefficient of.) 


In a more. general way it is the action of a magnet upon bodies 
in its field of force. In some cases the magnetism induced causes 
the north pole of the induced magnet to place itself as far as pos- 
sible from the north pole of the inducing magnet and the same for 
the south poles. Such substances are called paramagnetic or 
Jerromagnetic. They lie parallel or tangential to the lines of 
force. In other cases the bodies lie at right angles or normal to 
the lines of force. Such bodies are called diamagnetic. 


Some bodies are crystalline or not homogeneous in structure, 
and in them the lines of magnetic induction may take irregular or 
eccentric paths. (See Zolotropic.) ce 


Synonym-—Magnetic Influence. 


Magnetic Induction, Apparent Coefficient of. The apparent 
permeability of a paramagnetic body as affected by the presence of 
Foucault currents in the material itself. These currents act exactly 
as do the currents in the coils surrounding the cores of electro- 
magnets. They produce lines of force which may exhaust the per- 
meability of the iron, or may, ifin an opposite direction, add to its 
apparent permeability. 


_ Magnetic Induction, Coefficient of. The number, obtained 
by dividing the magnetization of a body, expressed in lines of 
force produced in it, by the magnetizing force which has produced 
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. ° ‘e ° e he 
netization, expressed in lines of force producible by t 
es Fei question in air. It always exceeds unity for iron, nickel 
and cobalt. It is also obtained by multiplying the coefficient of 
induced magnetization by 47 (4X3-14159) and adding I. (See 
Magnetic Susceptibility—Magnetization, Coefficient of Induced.) 


ie coefficient of magnetic induction varies with the material 


of the induced mass, and varies with the intensity of the magnetiz- 


ing force. This variation is due to the fact that as the ee 
mnagnetism in a body increases, the magnetizing force eet 
to maintain such induction, increases in a more rapid ratio. The 
coefacient of magnetic induction is the same as magnetic pone 
ability, and in a certain sense is the analogue of conductivity. It 
is also termed the multiplying power of the body or core ee | 
ized. It is the coefficient of induced magnetization (see ed - 
ization, Coefficient of Induced) referred to a mass of. matter. or 
diamagnetic bodies the coefficient has a negative sign ; for para- 
magnetic bodies it has a positive sign. » - ss | 
Synonyms—-Permeability—Multiplying Power—Magnetic Induc- 
tive Capacity. 


e e y e ° . ; d b 2 
Magnetic Induction, Dynamic. The induction produced by 
peenctic field’ which moves with respect to.a body, or where the 
body if moving moves at a different rate, or where the body moves 
and the field is stationary. In the case where both move, part of 
the induction may be dynamic and part static. (See Mag neti 

Induction, Static.) 
Magnetic Induction, Static. Magnetic induction produced by 
a stationary field acting upon a stationary body. 


Magnetic Induction, Tube of. An approximate cylinder or 
frustrum of a cone whose sides are formed of lines of magnetic 
induction. (See Wagnetic Induction, Lines of.) The term tube is 
very curiously applied in this case, because the element or portion 
of a magnetic field thus designated is in no sense hollow or tubular. 


Magnetic Inertia. A sensible time is required to magnetize 
iron, or for it to part with its magnetism, however soft it may be. 
This is due to its magnetic inertia andis termed the lag. Perma- 
nent or residual magnetism is a phase of it. It is analogous to self 
induction of an electric circuit, or to the residual capacity ofa 


dielectric. 


Magnetic Insulation. Only approximate insulation of magnet- 
ism is possible. There is no perfect insulator. The best ones are 
only 10,000 times less permeable than iron. Hence lines of force find 
their way through air and all other substance, being simply crowded. 
together more in paths of iron or other paramagnetic substance. 
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Magnetic Intensity. The intensity of the magnetization of a 


body. It is measured by the magnetic lines of force passing 
through a unit area of the body, such area being at right angles to 
the direction of the lines of force. 


‘Magnetic Lag. In magnetism the tendency of hard iron or steel 


especially to take up magnetism slowly, and to part with it slowly. _ 


(See Magnetic Inertia.) The lag affects the action of a dynamo, 
and is a minor cause of those necessitating the lead of the brushes. 


Synonym—Magnetic Retardation. 

Magnetic Latitude. Latitude referred to the magnetic equator 
and isoclinic lines. 

Magnetic Leakage. ‘The lines of force ina field magnet which 


pass through the air and not through the armature are useless and 
represent a waste of field. Such lines constitute magnetic leakage. 


Magnetic Limit. The temperature beyond which a paramag- 
netic metal cannot be magnetized. The magnetic limit of iron is 
from a red to a white heat; of cobalt, far beyond a white heat ; of 


chromium, below ared heat; of nickel at about 350° C. (662°F.) of 


manganese, from 15° C. to 20° C. (59° to 68° F.) 


Magnetic Lines of Force. Lines of force indicating the dis- 
tribution of magnetic force, which is due presumably to whirls of 
the ether. A wire or conductor through which a current is passing is 
surrounded by an electro-magnetic field of force, q. v-, whose lines 
of force form circles surrounding the conductor in question. A 
magnet marks the existence of a similar electro-magnetic field of 
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Fig. 223. Macnetic Lines or Force, DirEcTION or. 


force whose lines form circuits comprising part of and in some 
places all of the body of the magnet, and which are completed 
through the air or any surrounding paramagnetic or diamagnetic 
body. They may be thought of as formed by the Ampé€rian sheet of 
current, and analogous to those just mentioned as surrounding a 
conductor. 

A magnetic line of force may be thought of as a set of vortices 
or whirls, parallel to each other, and strung along the line of force 
which is the locus of their centres. 
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If as many lines are drawn per square centimeter as there are 
dynes (per unit pole) of force at the point in question, each such 
line will be a unitary c. g. s. line of force. 


Magnetic Mass. A term for a quantity of magnetism. Unit 
mass is the quantity which at unit distance exercises unit force. 


“Magnetic Matter. Imaginary matter assumed as a cause of 
magnetism. Two kinds, one positive and one negative, may be 
assumed.asin thetwo fluidtheory of electricity, or only one kind, as 
in the single fluid theory of electricity. Various theories of 
magnetic matter have been presented whose value is only in their 
convenience. 3 

Magnetic Memory. ‘The property of retaining magnetism ; 
coercive force ; magnetic inertia ; residual magnetism. 


Magnetic Meridian. A line formed on the earth’s surface by 
the intersection therewith of a plane passing through the magnetic 
axis. It is a line determined by the direction of the compass 
needle. The meridians constantly change in direction and corre- 
spond in a general way to the geographical meridians. 


Magnetic Moment. ‘The statical couple with which a magnet 

would be acted on by a uniform magnetic field of unit intensity if 

laced with its magnetic axis at right angles to the lines of force of 
the field. (Emtage.) 

A uniformly and longitudinally magnetized bar has a magnetic 
moment equal to the product of its length by the strength of its 
positive pole. 

Magnetic Needle. A magnet with a cup or small depression at — 


- its centre and poised upon a sharp pin so as to be free to rotate or 


oscillate in a horizontal plane. ‘The cup is often made of agate. 
Left free to take any position, it places its magnetic axis in the 
magnetic meridian. 


Magnetic Parallels. Lines roughly parallel to the magnetic 
equator on all parts of each of which the dip of the magnetic 
needle is the same; also called Jsoclinic Lines. ‘These lines 
mark the places of the intersection of equipotential surfaces with 
the earth’s surface. ‘They are not true circles, and near the poles 
are irregular ellipses ; the magnet there pointstoward their centres 
of curvature. They correspond in a general way with the Geo- 
graphical Parallels of Latitude. 


Magnetic Permeability. The specific susceptibility of any sub- 
stance, existing in a mass, for magneticinduction. (See Magnetic 
Induction, Coefficient of, synonym for Magnetic Permeability 
and Magnetization, Coeficient of Induced.) 

Synonyms—Magnetic Inductive Capacity—Multiplying Power— 
Coefficient of Magnetic Induction. 
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Magnetic Perturbations. Irregulardisturbances of the terres- 


trial magnetism, as by the aurora and in electric storms. 


Magnetic Poles. ‘The points where the equipotential surfaces — 


of the terrestrial field of force graze the earth’s surface; the points 

toward which the north or south poles of the magnetic needle is - 
attracted. Over a magnetic pole the magnetic needle tends to, 
stand in a vertical position. There are two poles, Arctic or nega- 

tive, and Antarctic or positive. Magnetic needles surrounding 

them do not necessarily point toward them, as they point to the 

centres of curvature of their respective magnetic parallels. The 
poles constantly change in position. ‘The line joining them does 

not coincide with anything which may be termed the magneticaxis 

of the earth. 


Magnetic Poles, False. Poles on the earth’s surface other 
than the two regular magnetic poles. There seem by observation 


to be several such poles, while analogy would limit true magnetic 


poles to two in number. 


Magnetic Potential. The potential at any point of a magnetic © 


- field is the work which would be done by the magnetic forces of 
the field upon a positive unit of magnetism as it moves from that 
point to an infinite distance. (Emtage.) 


Magnetic Proof Piece. <A piece of iron used for testing mag- 
nets and the distribution of magnetism in bars, by suspending or 
supporting above or near the magnet, by detaching after adherence, 
and in other ways. / 


Magnetic Proof Plane. An exploring coil used for testing the 
distribution of magnetism. It is connected in circuit with a 
galvanometer, and exposed to alternation of current, or to other 
disturbing action produced by the magnet or field under exantina- 
tion. This affects the galvanometer, and from its movements the 
current produced in the coil, and thence the magnetic induction 
to which it was exposed, are calculated. 


Synonym—Exploring Coil. 


Magnetic Quantity. The magnetism possessed by a body ; it is 
proportional to the action of similar poles upon each other, orto 
the field produced by the pole in question. Itis also called the 
strength of a pole. ~ 


The force exercised by two similar poles upon each other varies 
with their product and inversely with the square of the distance 
separating them ; oritmay be expressed thus (mm) —- I. This 
is a force, and the dimensions of a force are ML/T*. ‘Therefore, 


[I = ML/T? or m = M312/T. 





STANDARD ELECTRICAL DICTIONARY. 351 


Magnetic Reluctance. ‘The reciprocal of permeance; mag- 
netic resistance ; the relative resistance to the passage of lines of 
force offered by different substances. The idea is derived from 
treating the magnetic circuit like an electric one, and basing its 
action on magneto-motive force acting through a circuit possess- 
ing magnetic reluctance. : 

Magnetic Reluctivity. The reciprocal of magnetic. permea- 
bility, q. v- 

Synonym—Magnetic Resistance. 

Magnetic Retentivity. The property of steel or hard iron by 
which it slowly takes up and slowly parts with a magnetic con- — 
dition—traditionally (Daniell) called coercitive force. i: 

Magnetic Rotary Polarization. Ifa plane polarized beam of — 


light is sent through a transparent medium ina magnetic field 
its plane of polarization is rotated, and this phenomenon is denoted 


-asabove. (Compare Refraction, Electric, andsee Electro-magnetic 


Stress.) ‘Thishas been made the basis of a method for measuring 
current. A field of force varies with the current ; the polarization 
roduced by such field is therefore proportional to the current. 
(Becquerel & Rayleigh.) mas | oe 
A plane polarized beam of light passing through the transparent 
medium in the magnetic field by the retardation or acceleration of 
one of its circular components has its plane of polarization rotated 
as described. ‘The direction of the lines of force and the nature of 
the medium determine the sense of the rotation : the amount 
depends upon the intensity of the field resolved in the direction of 
the ray, and on the thickness and nature of the medium. . : 


Magnetic Saturation. The maximum magnetic force which 
can be permanently imparted toasteel bar. A bar may be mag- 
netized beyond this point, but soon sinks to it. The magnetism 
produced in abar is prevented from depolarization by the retentivity 
ot coercive force of the bar. The higher the degree of magnetiza- 
tion the greater the tendency to depolarization. 


It is also defined as the maximum intensity of magnetism pro- 
duced in a paramagnetic substance by a magnetic field: as far as 
affected by the permeability of the substance in question. The 
more lines of force passed through such a substance the lower is its 
residual permeability. It is assumed that this becomes zero after a 
certain point, and then the point of saturation is reached. After 
this point is reached the addition of any lines of force is referred 
entirely to the field and not at all tothe permeability of the sub- 
stance. But suchazero is only definable approximately. 


Magnetic Screen. A box or case of soft iron, as thick as prac- 
ticable, for protecting bodies within it from the action ofa magnetic 
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field. The lines of force to a great extent keep within the metal of 
the box on account of its permeability, and but a comparatively 
few of them cross the space within it. ae 


' Such screens are used to prevent watches from being magnetized, 
and are a part of Sir William Thomson’s Marine galvanometer. 


A magnetic screen may be asphere, an infinite or very large 
plane, or of the shape of any equipotential surface. 


Synonym—Magnetic Shield. | 


Magnetic Self-induction. The cause of a magnet weakening 
is on account of this quality, which is due to the direction of the 
lines of force within a magnet from the positive towards the neg- 
ative pole. ‘‘A magnet thustends to repel its own magnetism and 
to weaken itself by self-induction.’’ (Daniell.) 


Magnetic Separator. An apparatus for separating magnetic 
substances from mixtures. Such separators depend on the action 
of electro-magnets. In one form the material falls upon an iron 
drum, magnetized by coils. Any 
magnetic substance adheres to the 
drum and is thereby separated. 
They are used by porcelain makers | 
for withdrawing iron particles from 
clay, by machinists to separate iron 
filings and chips from brass, and for 
similar purposes. 3 


Magnetic Shell. A theoretical 
conception of a cause of a magnetic 
field or of a distribution of magnet- 
ism. If we imagine a quantity of 
very short magnets arranged in 


pointing in the same direction so as 
to make a metal sheet, we have 
a magnetic shell. Its magnetic 
moment is equal to the sum of the 
magnetic moment of allits parts. 
If the shell is of uniform strength the magnetic moment of aunit 
area gives the strength of the shell; it is equal to the magnetic 
quantity per unit of area, multiplied by the thickness of the shell. 


If its strength is uniform throughout a magnetic shell is called 
simple ; if its strength varies it is termed complex. 

Emtage thus defines it: A magnetic shell is an indefinitely thin 
sheet magnetized everywhere in the direction normal to itself. 


Magnetic Shell, Strength of. The magnetic quantity per unit 
of area of the shell multiplied by the thickness of the shell. - 





Fig. 224. MAGNETIC SEPARATOR, 


contact with their like poles all 
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netic Shield. In general a magnetic screen, q. v. Some- 
eee strong local field is made to act as a shield, by its predomi- 
nance overcoming any local or terrestrial field to whichthe needle 


to be protected may be exposed. 


Magnetic Shunt. The conception of a magnetic circuit being 
formed, the shunt is a corollary ofthe theory. It is any piece of 
jron which connects points of a magnet differing in polarity, so as 
to divert part of the lines of force from the armature or yoke. The 
shunt is especially applicable in the case of horseshoe magnets. 
Thus a bar of iron placed across from limb to limb a short eens 
back from the poles would act as a shunt to the armature an 
would divert to itself part of the lines of force which would ae 
wise go through the armature and would weaken the attraction o 
the magnet for the latter. In dynamos abar of iron used as a 





a? 


2 
ee elas o- eo 


Fig. 225. MaGnetic SHUNT. 


i as been used to diminish the lines of force going 
Feet cen aomanane and hence to weaken the field and diminish 
the electro-motive force. By moving the shunt nearer or further 
from the poles the dynamo is regulated. : 

In the cut the projections between the yoke and poles of the 
magnet shown act as ashunt to the yoke, taking some lines of 
force therefrom. 

ic Storms. Terrestrial magnetic disturbances some- 
Gee rece very wide areas, and afecae the magnetic declin- 



































* 


354 STANDARD ELECTRICAL DICTIONARY. 


ation and inclination. One such disturbance was felt simultane- 
ously at Toronto, Canada, the Cape of Good Hope, Prague and 
Van Diemen’s Land. (Sabine.) 


Magnetic Strain, The strain produced by magnetic lines of 
force in substances exposed to their action. It is observed in 
substances placed between the poles of a strong electro-magnet, 
and evinces itself in the alteration of the optical properties of 
transparent substances. | 


Magnetic Stress. The stress produced by magnetic lines of 
force on substances through which they pass, evidenced in altera- 
tion of the optical properties of transparent bodies thus treated. 


Magnetic Susceptibility. The specific intrinsic susceptibility 
of any material for magnetic induction. It refers to the particle of 
matter, and not to the mass, as in the latter its own particles react 
on each other and bring about what is termed permeability, GeV. 
(See also Magnetization, Coefficient of Induced, and Magnetic 
Lnduction, Coefficient of.) | 

Synonym—Coefficient of Induced Magnetization. 


é 


Magnetic Tick. When a bar of iron is suddenly magnetized 
or demagnetized it emits a slight sound, called the Page sound, or 
the magnetic tick. This has been utilized in a telephone by Reiss. 
The telephone will receive sound, but is very weak. Itconsists of 
a bar surrounded with a coil of insulated wire. Variations in cur- 
rent produce sounds, which may be articulate if the currents are 
produced by a telephonic transmitter. 


Magnetic Twist. A bar of iron held in the magnetic meridian 
and pointing to the pole and twisted becomes to some extent 
permanently magnetized. Conversely a bar when magnetized 
seems to have a twist set upinit. ‘The latter is magnetic twist. 


Magnetic Variations. Changes in the value of magnetic 
declination or inclination. (See Magnetic Elements.) 


Magnetism, Ampere’s Theory of. A theory accounting for 
magnetic phenomena by assuming the existence of currents circu- 
lating around the molecules of permanent magnets. If such cur- 
rents so circulate and all in the same direction, the result is the 
saine as if the body of the magnet was enveloped in currents repre- 
senting those ofan electro-magnet or solenoid. This is because in 
the interior the current around one molecule would counteract the 
current around its neighboring ones in part, so that the only vir- 
tual currents left would be represented by those on the outer sur- 
faces of the outer shell of molecules, and these virtually resolve 
themselves into one general current sheet, surrounding the mag- 
net and coinciding with its surface. . 
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The theory assumes that such currents permanently circulate 


around the molecules of paramagnetic substances. Under ordinary 
conditions there is no coincidence in their direction and no 





Fig. 226. AmMpERIAN CURRENTS IN Macnets. 


resultant current is produced. When magnetized or polarized the 
molecules are brought into order, so that the direction of their cur- 
rent coincides ad the body becomes a magnet. : 

At the north pole of the magnet the direction of the Ampéria 
currents is the reverse of that of a watch when the observer faces 
the pole; the reverse obtains for the south pole. ae 

The attraction of opposite and repulsion of similar poles is 
explained by the actions of the Ampérian currents upon each 
other. If north and south pole are placed together these currents 
will coincide in direction and hence will attract each other. If 
two like poles are put together the currents will have opposite 
directions and will repel each other. : 

No energy is supposed to be required to maintain currents 
around or in a single molecule. 
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Fig. 227, Norru anp SoutH Poirs or A MaGNET SHOWING 
DIRECTION OF AMPERIAN CURRENTS. 


Magnetism, Blue. A term arising from the two fluid theory of 
jnagnetism ; the magnetism of the south pole of a magnet. (See 
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Magnetic Fluids.) The magnetism of the north pole is termed 
red magnetism. Both terms originated presumably in the paint- 
ing of magnets, and are little used. 


Synonym—South Magnetic Fluid. 


Magnetism, Components of Earth’s. The magnetic force of 
the earth acts in the plane of the magnetic meridian and in direc- 
tion generally lies oblique to the plane of the horizon. It can be 
resolved into two components, one vertical, which has no directive 
effect upon the magnetic needle, the other horizontal, which repre- 
sents the directive element for the usual compass needle. For the 
dipping needle, q. v., the vertical component is the only active one. 
A magnetic needle mounted on a universal joint at its centre of 
gravity would be acted on by both components. 


Magnetism, Creeping of. ‘The gradual increase of magnetism 
when a magnetic force is applied with absolute steadiness to a 
piece of iron. Itisaform of magnetic lag. Itmay last for half an 
hour and involve an increase of several per cent. of the total mag- 
netism. 


Synonym—Viscous Hysteresis. 
Magnet, Iron Clad. A magnet with a casing of iron connected 


at one end to the core. The term is generally applied to electro-— 


magnets of this form. 
Synonyms—Tubular Magnet—Jacketed Magnet. 


Magnetism, Decay of. The gradual loss of magnetism by per- 
manent magnets, due to accidental shocks, changes of temperature, 
slow spontaneous annealing of the iron and other similar causes. 


Magnetism, Discharge of. The loosing of magnetization. 
Thus in a shunt-wound dynamo there isa critical resistance for 
the outer circuit, below which the field ceases to be magnetized, as 
enough current ceases to be shunted into it to magnetize it. The 
machine is said to unbuild itself, and a discharge of magnetism 
occurs from the field magnet. 


Magnetism, Ewing’s Theory of. Ewing found by a model 
consisting of a number of pivoted magnetic needles that the 
observed phenomena of magnetization could be represented thereby. 
Thus there would be no need of assuming internal frictional forces 
of Maxwell, nor the closed rings or chains of Hughes. The theory 
retains the notion, however, of paramagnetic matter, consisting of 
an assemblage of molecular magnets. The loss of energy by 
hysteresis is represented in the model by the energy lost by the 
needles in beating against the air. 


Magnetism, Free. The magnetism or magnetic field outside 
of a magnetic circuit. It is due toescape of lines of force and to the 
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magnetic leakage through the air. The lines of force are never, 
ee the most favorable circumstances, confined to the metallic 
circuit of the magnet and armamre. Inasimple magnet without 
armature all the lines of force have to follow an air path, and the 
field is at its strongest. As the magnetism is strongest at the sur- 
face near the poles, the term is sometimes understood as applying 
to the surface attraction. In such case it is defined as the distribu- 
tion, on a magnetized bar or mass, of magnetic lines of force as 
they emerge from itssurface. __ : 
Synonym—Surface Magnetization. 


Magnetism, Hughes’ Theory of. A theory accounting fot 
magnetic phenomena by assuming that each molecule is a magnet, 
and that in a polarized or magnetized body they are all arranged 


with their poles in the same direction, while in an unmagnetized 


body their poles, alternating in direction, neutralize each other. 
Magnetization consists in a partial rotation of the molecules so as 
to make them agree in position, thus, asa resultant developing 
north and south poles at the ends of the bar. 
The theory is in a certain sense simpler than Ampére’s theory, 
put is not so generally adopted. : 


Magnetism, Lamellar Distribution of. The distribution of 
magnetism in thin and uniform or ‘‘simple magnetic shells,” q. v. 
A given distribution is termed lamellar if the substance in which it 
exists can be divided into simple magnetic shells, which either 
forni closed surfaces, or have their edges in the surface of the sub- 
stance. In lamellar distribution the polar area is very large com- 
pared with the distance between opposite poles. | 


Magnetism of Gases. Faraday experimented on this point by 
coloring gases with a little vapor of iodine or other colored gas, 
and letting them flow between the two poles of a powerful electro- 
magnet. In this way he found some are repelled, some attracted, ° 
and in the case of oxygen, it is attracted at one temperature and 
repelled at another. At ordinary temperatures a cubic yard 
of oxygen possesses the magnetism of 5.5 grains of iron and when 
liquefied it is strongly attracted. : 


Magnetism or Magnetization, Temporary. When a mass of 
iron is magnetized by a current, when the current ceases the portion 
of its magnetism which disappears is the temporary magnetism ; 
the portion retained is the residual or permanent magnetism. 


Magnetism, Red. A term arising from the two fluid theory of 
magnetism ; the magnetism of the north pole of a magnet. (See 
Magnetic Fluids.) The magnetism of the south pole is termed 
blue magnetism. Both terms originated in the painting of mag- 
nets. They are but little used. 

Synonym—North Magnetic Fluid. 
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Magnetic Remanence. The residual magnetism left in a bar 
of steel or other paramagnetic material after the application of a 
powerful magnet. It is distinguished from coercive force, as the 
latter is the amount of negative magnetizing or of demagnetizing 
force required to reduce the remanent magnetism to zero. 


Synonym—Remanence--Residual Magnetism. 


Magnetism, Solenoidal Distribution of. The distribution of 
magnetism in such a way that the poles are very far apart in pro- 
portion to their area. The magnetization of along thin bar of 
steel illustrates solenoidal distribution. 


Magnetism Sub-permanent. The magnetism ofa paramagnetic 
substance which presents a considerable degree of permanency, but 
which gradually dissappears, leaving the permanent magnetism 
present. It is noticeable in iron or steel ships whose magnetism 
gradually reduced in quantity, eventually becomes fully permanent. 


Magnetism, Weber’s Theory of. The molecules of a magnetiza- 
ble material by this theory are supposed to be magnets with their 
poles lying in every direction, and hence neutralizing each other. 
By magnetization these are supposed to be turned with their simi- 
lar poles in the same direction, and their axis parallel, hence acting 


like a group of magnets. It is practically identical with Hughes’ 
theory. 


Magnetism, Terrestrial. The magnetism of the earth. (See 
Magnetic Elements.) 


Magnetization by Double Touch. ‘The process of magnetizing 
a steel bar by simultaneously stroking it with two poles of a horse- 
_ Shoe magnet or with two opposite poles of two bar magnets. The 
poles must be close but not touching. A block of wood may be 





Fig. 228. MAGNETIZATION BY DousLE Toucu. 


placed between the ends ifsingle magnets are used. ‘The poles are 
placed on the middle of the bar and carried back and forth to one 
end, then to the other, and soon, ending at the middle of the bar in 
such direction as to give each end thesame number of strokes. 
The poles must be close together or consequent poles will be pro- 
duced. If bar magnets are used they may be held inclined at an 
angle of 15° to 20° with the horizontal bar to be magnetized. The 
ends of the latter may rest on poles of two other magnets, each end 
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| izit t on 
le of the same name as that of the magnetizing magne 
ve eas. (See Magnetization, Hoffer’s Method.) 


izati tiza- 
netization by Separate Touch. A method of magne 
SEU iwo magnets are used. Held in an inclined position two — 
Pe osite poles are touched to the bar near its centre, and are drawn 
off to the twoends. ‘They are returned through the air and the 
process is repeated. 


netization by Single Touch. A method of polarizing or 
poeeeaaing steel pee by stroking them always in one Gee 
with one pole of a magnet, returning it through the air. Ihe 
stroking is best done on both sides. The stroking may begin at 
one end ana end at the other, or it may be commenced in the center 


of the bar and be carried to one end with one pole, and the same 
done for the other half with the other pole. 


netization by the Earth. The earth imparts magnetism 
anes masses. If oa of steel is held parallel to the inclination 
and in the magnetic meridian it exhibits polarity, which by jarring. 
or hatnmering, can be made to some extent permanent. A piece 
of soft iron held vertically, or still better in the line of the dip as 
above, and which is twisted when in that position, becomes mag- 
netized with some degree of permanence. Many other instances 
are cited, such as fire-irons, lamp-posts, iron gates, lathe turnings, 
all.of which often exhibit polarity, having been magnetized by the 
earth’s field. 


Magnetization, Coefficient of Induced. The coefficient (q. v.) 
expressing the relation between the specific intensity of magneti- 
zation of a particle and the magnetizing force. The eee 
force is measured by the lines of force it can produce in a field o 
air. The coefficient of induced magnetization is the factor by 
which the intensity of a magnetizing field must be multiplied to 
produce the magnetization imparted by it to a particle of any sub- 
stance. ‘This coefficient varies for different substances, and is also 
called magnetic susceptibility. It is distinguished from per 
bility as referring only toa particle isolated from influence oe 
mass of surrounding particles of itsown kind. Itis definable ast ¢ 
intensity of the magnetization assumed by an exceedingly long an 5 
exceedingly thin bar placed in a unit field. If amass of ne 
were placed in such a field all its particles would become affecte 
and within the mass no unit field could exist. Hence magnetic 
susceptibility (another name for this coefficient) does not apply to 
the case of large cores of electro-magnets and dynamo-armatures, 
but is really a theoretical rather than a practical figure. ee 

The sign of the coefficient of diamagnetic bodies is negative ; 0 
paramagnetic bodies is positive. 


Synonym—Magnetic Susceptibility. 
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Magnetization, Cycle of. A cycle of positive or of positive and. 


negative magnetization represents the application of a magnetizing © 


force beginning at a fixed value, generally zero, rising to a maxi-. 


mum, or to a value of maximum distance from the initial and then 
returning to the original basis. It is virtually a full wave of mag- 
netization and may extend on both sides of a zero line giving 
positive and negative values. 


Cycles of magnetization apply especially to transformers and 


other apparatus of that character used with the alternating current 
system. 


Magnetization, Hoffer’s Method. For horseshoe barsan arma- 
ture is placed against the poles of the magnet bar to be treated. 
The poles of astrong horseshoe magnet are stroked over it from 
poles to bend and returned through the air, or vice versa. In the 
first case the poles will be the same as those of the inducing mag- 
net ; in the second case they will be opposite. A maximum effect 
is produced in ten strokes. The stroking should be applied to 
both sides. An electro-magnet may be used as inducer as shown, 
but an armature should be used ; in the cut it is omitted. 





Fig. 229. Macnerizinc a HorsesHo® MAGNET. 


Magnetization, Intensity of. The amount of magnetism in- 
duced in or present ina body. It is expressed in Magnetic Lines 
of Force, q. v., per cross-sectional area. 


Magnetization, isthmus Method of. A method used by Ewing 
in a reseexch on the magnetization of iron in very strong fields. 
He used samples of iron turned down in the centre to a narrow 
ueck, and thus concentrated the lines of force greatly. 


Magnetization, Elias’ Method. ‘The bar to be magnetized is 


surrounded by a magnetizing coil, gq. v. A strong current is passed 
through it, and the coil is moved back and forth a few times. 


Magnetization, Jacobi’s Method. ‘For horseshoe bars. ‘The 
bar is placed with its poles against those of a horseshoe magnet. 
A bar of soft iron, long enough to reach from outside to outside of 
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° e e e 4 pews 
laid across near the junction and is drawn along 
ee ad Gf {hie new bar and away from it. This is repeated a few 
times on both sides. 


ization, Limit of. As the induction of magnetizing 
ce Sea eee of paramagnetic metals eae a 
limit; the increase in magnetization being continually ae an 
oe as the metal becomes more highly magnetized. In diamag- 
netic substances no limit is discernible. 
Synonym—Maximum Magnetization. 


Magnetization, Specific. The magnetic moment per gram of a 
substance. 


-keeper. A bar of iron connecting the two poles of a 

Bee cnet Paecee: Often the same bar serves as armature and 
keeper. 

net, Lamination of. It is advantageous to make magnets 
Ee eaatcd construction, or of thin plates of steel. ee 
metal can be better tempered or hardened than thick meta ie 
slight separation of the plates is advantageous from Some poin ee 
view. If in actual contact there is some danger that the wea 
members will have their polarity reversed by the stronger ones. 
This is counteracted to some extent by separation. 


i i lectro-magnet; one 
Magnet, Long Coil. A high resistance e 
Be. coil is of thin wire of considerable length. 


: i f magnetite 
agnet, Natural. The lodestone, q. v.; a variety of 
jee oxide of iron, exhibiting permanent magnetism, attract- 
ing iron, and possessing north and south poles. 


Neutral Line of. A line at right angles to the mag- 
ae Bet a magnet, q. v., and nearly or quite at the cou 2 
situated with reference to the poles on either end that it marks ie 
locus of no polarity. It hasbeen called the equator of the en 2 
It is defined by the intersection of the plane of no magnetism wi 
the surface of the bar. : | 
Synonym—Magnetic Equator. 


: tized 
Magnet, Normal. A bar or compound bar magnet, magne 
to auch an ‘extent that the curves of the lines of force run into each 
other in the middle, is thus termed by Jamin. 


Magneto. Abbreviation for Wagneto-electric Generator. (See 
Magneto-electric Generator.) 


to- 
Magneto Call Bell. A call operated by current from a magne 
lectiic generator. It is very generally used in telephone systems. 


i i ic effects due 
Magneto-electric. adj. Relating to induced electric effec 
to the cutting of true magnetic lines of force by, or equivalent 
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action of or upon aconductor. ‘These eff j i ith 
: ects are identical. 

cele Meensic effects and are only distinguished from fei ae 

e field being due to a permanent magnet instead of an electro- 


magnet. 


Magneto-electric Brake. A devi ingi 

lag ; evice for bringing to rest 

Seeaune galvanometer needle. It consists oats of a coil a 

el ait with a key and with the galvanometer. On opening the 
rcuit an inverse current is established by induction, tending to 


bring the needle to rest. 


Magneto-electric Generator , 

METO=E1€¢ - A current generator operatin 

py Ee a potential difference at its toe ipale by euedcne 
eld of torce, which field is established by a permanent magnet. 





- 
Fig. 230. MaGnetro-E.ectric GENERATOR. 





The cut, Fig. 230, shows the general principle of construction 


of a direct current generator. The armature is rotated between 














Fig. 231, Macneto-Evectrric GENERATOR. 


the poles of a permanent ma 

gnet. Any of the regular t f 
dynamo armature can be used. From i gular types o 
is taken by brushes. om 1ts commutator the current 


and act as the record of the same. 
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The cut, Fig. 231, shows an alternating current machine. In it 
a pair of bobbins, wound in series, and both either right-handed or 
left-handed, are rotated between permanent magnet poles. The 
current may be taken off by two brushes bearing on two collecting 
rings on, the axis of the bobbins, the ends of the wire being con- 
nected thereto. Or if a shocking current is desired, one of the 
prushes or springs may strike a series of pins forming virtually a 


broken or interrupted collecting ring. This gives a current for 


medical purposes. | 
Syn nyms—Magneto-dynamo—Magneto-electric Machine. 


Uotemen An apparatus for recording variations in mag- 






netic/ elements. 

Ore type includes a magnetic needle to which a concave mirror 
ig attached. The light ray from the mirror is reflected upon sensi- 
tized paper where its movements are photographically reproduced. 
The movements of the spot are due to the movements of the needle 


Magneto-Inductor. An in- 
strument for use with a ballistic 

alvanometer to reproduce a 
definite current impulse. Two 
magnets are fastened together 
in one straight line, the north 
poles almost touching. This is 
mounted at the end of a rod like 
a pendulum, the axis of the 
magnets transverse to the rod. 
The magnets are carried by a 
frame and oscillate at the end of 
the rod, back and forth within 
a fixed coil, which is one-half 
the length of the double magnet. 
A bob is attached to the bottom 
of the frame by which the whole 
can be swung. As the magnets 
are of fixed value, their time of 
oscillation constant, and the 
coil fixed in size, the apparatus 
provides a means of getting a ¢& 
definite instantaneous current “Q 
of identical value whenever ~< 
needed. 














Magnetometer. (a) A rfe- Fig. 232. MacGNnetTo-INDUCTOR. 
flecting galvanometer, with 
heavy magnetic needle, dampened by a copper frame. It was 
devised by. Weber. 3 
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(6) An apparatus for measuring the intensity of magnetic force. 
It may consist of a magnet suspended by bifilar or by torsion sus- 


pension. A reflecting mirror and scale as in the reflecting galva- 


nometer may be used to act as indicatorof itsmotions. Itis used in 
investigations of the intensity of the earth’s field. 


If the motions of the spot of light are received on a moving strip 
of sensitized paper and are thereby reproduced photographically, 
the instrument is self-recording. Such an apparatus is used in the 


Kew Observatory, Eng., for recording the terrestrial magretic 
elements. 


Magnetometry. The determination of the magnetic moment 
of a magnet. 3 : 


It involves the determination by experiment of —(a@) the 
product of the magnetic moment, M, of the magnet by the hori- 
zontal component, H, of the earth’s magnetism ; (4) the quotient 
of M divided by H. Knowing these two quantities, M is given by 


the formula M=)/MH X M/H and if desired H is given by the 

formula H =)/MH—M/H. | | : 
MH is determined by the method of vibrations. A very long, 

thin magnet suspended by a torsion filament is caused to oscillate, 
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_ Fig. 233. Enp-on Msruop. - Fig. 234. Broapsipz MeEruop. 
and its period is determined. Calling such period ‘I and the 
moment of inertia of the magnet I, we have the formula T— 27 


V1/HM (a), whence HM is calculated, I of course being known 
or separately determined. 


M/H is determined by the End-on deflection method, or the 
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: : fa 
‘de deflection method. In both cases the deflection o 
BE ecilie the magnet in question is the basis of the work. 
d-on metiied S N is the magnet under examination ; s 7 
ee ass needle ; the angle of deflection ; d the distance 
peieese O and the middle of S N, which should be considerable 
compared with the length fsn; 21 the length of SN. We meee 
have the formula tan a — M/H xX 2d/(a?-/’)”, which if 2/ is ee 
compared to d reduces to tan a = M/Hd? (4), which gives M/ eee 
and @ being known. ee a ee 
the broadside method the line @ is the magnetic ‘ 
Eiue diagram shows the relative. positions. We then have Bs 
formula tan a = M/H X t/(a?+2)4 - which if is relatively smal 
reduces to tan a = M/Ha? (c.) = 
aandc ora and can be combined giving M and H in Cc. G.S. 
measurement. : 
. Magnetometer, Differential. An apparatus, invented by 
Eickemeyer, for testing the magnetic qualities of different samples 
of iron. It is very similar in construction and principle to the 
magnetic bridge, q. v. Ae 


Magneto-motive Force. The force producing a magnetic fel 
or forcing lines of force around a magnetic circuit. It is usually 
applied only to electro-magnets and is | 
expressible in turns of the wire winding 
multiplied by amperes of current, or in 
ampere-turns. 


Magnet Operation. A term in surgery; 
the use of the electro-magnet or permanent 
magnet for removing particles of iron from 
the eye. 


Magnetoscope. An apparatus for de- 
tecting the presence of magnetism, without 
measuring its intensity. A simple mag- 
neto-scope consists of a magnetized bit of 
watch-spring suspended in a vertical glass 
tube by a fine filament. A bit of unmag- 
netized soft iron wire may be used in the 
same way. ‘The first has the advantage 

of indicating polarity ; the latter merely 
shows magnetic attraction. A cork may 
be used as base of the instrument. 










Magnet, Permanent. A bar of steel 
charged with residual magnetism. Steel 
possesses high coercive force in virtue of oon: 
which when once magnetized it retains part of the magnetization. 


Fig. 235. MAGNETOSCOPE. 
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- Permanent magnets are generally straight bars or U shaped : | 


they are termed bar magnets, magnetic needles, horseshoe mag- 
nets, machine magnets and otherwise, according to their shape or 
uses. 


Magnet Pole. The part of a magnet showing strongest polarity ; 
the part which attracts iron the most powerfully, and acts as the 
starting point for lines of force. 


Magnet Poles, Secondary. Magnet poles are often not situated 
at the ends. Owing to inequality of the material or other causes 
they may occupy intermediate positions on the magnet. Such 
poles are called secondary poles. = ; 


Magnet Pole, Unit. A unit magnet pole is one which exerts 
unit force on another unit pole placed at unit distance from it. 
Unit force is the dyne; unit distance is one centimeter. 


Magnet, Portative Power of. The power of sustaining 4 
weight by attraction of its armature possessed by a magnet. In 
general terms the adherence of the armature of a magnet to the pole 
varies with the square of the number of lines of force which pass 
through the point of contact. Hence an increased adherence of 
the armature to a horseshoe electro-magnet is sometimes obtaified 
by diminishing the area of contact of one pole which concentrates 
the lines of force. Steel magnets were frequently made with 
rounded ends to increase the portative power. 


Magnet, Simple. A magnet made of one piece of metal, or at 
least magnetized as such ; the reverse of a compound magnet, which 
is magnetized piece by piece and then fastened together. | 


Magnet, Solenoidal. A magnet which is so uniformly magnet- 


ized and is so long in proportion to its other dimensions that it - 


virtually establishes two magnetic poles, one at either end. Itisa 
long thin bar so magnetized that all its molecules would, considered 
as magnets, be absolutely equal. (Daniell.) It acts like a solenoid, 
except that it is longer in proportion than the solenoid generally is 
constructed. . 


Magnet, Sucking. A magnet coil with movable or loose axial 
bar of soft iron. 


The whole is usually mounted vertically. When a strong 
enough current is passed the bar is drawn up into the coil as if by 
suction, whence the name. 


-Magnet, Unipolar. No such thing as a unipolar magnet is pos- 
sible. The name is given to poised or suspended magnets, one of 
whose poles lies in the axis of suspension. It is obvious that such 
‘a magnet.will act, as far as its directive tendency and rotatory 
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movements are concerned, as if it had only one pole. As shown | 


erg 


in the cut, the pole s in both mag- 
nets lies in the axis of suspension . 
or directly under the filament by. 
which they are’suspended, while 
the other pole 7 is the active pole 
in causing rotation or directive 
tendency; ¢ ¢ are counterweights 
or counterpoises. 


Magnetophone. An apparatus 
for producing a loud sound, involv- 
ing the principles of the telephone. 
A rapidly eons or mee pnd 

ak current being produced by aie 
Soe means and being aanenitted through the telephone ENS. a 
loud note of pitch dependent on the current producing ole 
times a perforated metallic disc is rotated in a magnetic eld, an 
produces the requisite type of current. 


- ici homogeneous 
Magnus’ Law. A law of thermo-electricity. Ina loge 
Ricat however, the temperature varies from point to point; there 
is no current. a a 
: . °. e ja- 
Whatever potential differences may be established by the var 
tions in poate it is evident that they must counteract each 
other and reduce to zero. | 





y . 
Fig. 236. UnipoLar MAGneEts. 


Mains, Electric. ‘The larger conductors in a system of electric 
light or power distribution. | 


Make. v. To complete a circuit, as by closing a switch. 


ake and Break Current. A current which is continually 
es or interrupted and started again. It is applied only where 
the ‘“‘makes’’ and ‘‘ breaks’’ succeed each other with great rapidity, 
as in the action of an induction coil or pole changer, etc. It 
has had considerable importance in litigation affecting the Bell 
telephone patents, the courts holding that the original Bell patent 
(No. 174,465, of 1876,) covered the undulating current, for the trans- 
mission of speech. Many efforts have been made by ae 
to prove that specific telephones have transmitted articulate naa 
by the make and break current, but without success. If this cou 
have been proved the assumption is that the courts would have 
sustained the use of such device as not infringing upon the claims 
of the Bell patent. 


Malapterurus. A fish, sometimes called the thunder fish, an 
eiiiiant of African rivers, occurring in the Nile and Senegal. It 
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possesses considerable electric power, similar to that of the gyim- 
notus and torpedo, although inferior in amount. 





Fig. 237. MALapTEeRuRUs, 


Man ehole. The cistern-like depression in the ground for giving 
access to the ends of tubes in electric conduits. (See Conduit, 
Ltlectric Subway.) 


Marked End or Pole. The north pole or north seeking pole of 
a magnet, so called because it is usually marked with a notch or 
scratch by the maker. The south pole is called the unmarked end. 


Mass. The quantity of matter inabody. The C. G. S. unit of 
mass is the quantity of matter inagram. While weight varies with, 


latitude and other circumstances, mass is invariable. 


The unit of mass is also defined as the quantity of matter which 
In a balance will counterpoise a standard mass, the gram or pound. 
As the gram is intended to be the mass of one cubic centimeter of 
water at 3.09° C. (39° F.), the C. G. S. unit of mass is really I.000013 
gram. 
As a primary unit its dimensions are indicated by M. 


Mass, Electric. A term for quantity of electricity. The unit 
mass is such a quantity as at unit distance will act with unit force. 


Matter, Electric. The imaginary substance constituting elec- 
tricity ; a conception used purely as a matter of convenience. 


Matter, Radiant. Matter in the ultra-gaseous or so-called 
fourth state. In the gaseous state the molecules ofa gas are in 
perpetual kinetic motion, colliding actually or virtually with each 
other, rebounding from such approach, and striking also the walls 
of the containing vessel. But except for these deflections, which 
are of enormous frequency, the paths of the molecules would be 
perfectly straight. . 


In the radiant state matter exists in so high a vacuum that col- 
lisions of the molecules rarely occur, and the moleules simply 
beat back and forth in straight lines from side to side of the con- 
taining vessel. 


A layer of gas in this condition is termed a Crookes’ layer, from 


Prof. William Crookes, who discovered and investigated these 
_ phenomena, 
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inous streams of the molecules are produced by electric high 
eadal discharges between electrodes. The course of the discharge 
is normal, in general terms, to the surfaces of the electrodes, and 
reaches from one to the other in acurve or straight line, as the 
case may be. : 
These luminous streams are deflected by a magnetic field; if 
prought to a focus can heat refractory material in that focus to a 
fall white heat, and can develop phosphorescence. The latter is 
termed electric phosphorescence. A great variety of experiments 
have been devised to illustrate the phenomena of radiant matter. 
The vacuum is generally produced in a hermetically sealed glass 
yessel into which the electrodes are sealed, and which contain the 
hosphorescent substances or other essentials for the experiments. 
The vessels are termed Crookes’ Tubes. 


Matteueci’s Experiment. An experiment for showing the 
inductive effect of the discharge of a Leyden jar. Two glass plates 
are supported on standards in a vertical position. Flat coils of 
wire are wound or coiled and secured to one surface of each plate. 
One plate has much finer and longer wire than the other. Metal 


handles are connected to the ends of the finer wire coil. The 


lates are placed with their coils facing each other. A Leyden jar 
is discharged through the coarser coil, while the handles are grasped 
by aperson. The shock of the discharge is felt by him. 


Matting, Electric Floor. Matting or floor covering underlaid 
with burglar alarm contacts, so arranged as to be closed by anyone 
walking on the matting. The contacts are connected to a burglar 
alarm system. The object is to provide an alarm if a burglar 
enters a house, in case he should enter a door or window without 
sounding the bell. The latter can be done by cutting out the 
window or part of the door instead of opening it. 


Maxwell’s Theory of Light. A theory of light. It is due to 
J. Clerk Maxwell. 


It supposes the phenomena of electric induction to be due tothe 
ether, q. v. Itsupposes the condition of the ether when convey- 
ing light to be the same _as if exposed to the induction of rapidly 
alternating currents or discharges (in this case synonymous). It 
therefore is an electro-magnetic effect if the theory is correct. 


An electric stress such as one due to the induction of an electro- 
statically charged body is not a wave-creating element or factor, 


-butisasimple stress. But let this stress be stopped and renewed 


and at once it appears as a wave-forming agency. 

This stoppage and renewal represents evidently a discharge 
succeeded by a charge, or if repeated is equivalent to an intermit- 
tent current or an alternating one. 
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Again the electrostatic stress kept constant may by being carried 
through space carry with it a wave, just as a moving projectile 
carries a wave of air in advance of itself. 

Admitting this much the following consequences follow: 


Since in non-conductors the displacement produces a restitution 
force, which varies as the displacement which is requisite or is a 
criterion for the propagation of waves, while in conductors no 
such force is manifested and the electric energy appears as heat, 
it follows that light vibrations are not possible in conductors, 
because electro-magnetic waves do not exist in them when they 
are in circuit, and conductors should be opaque, while the reverse 
is true for non-conductors. (Daniell.) 


This is carried out often enough to make a striking evidence in 
favor of Maxwell’s theory. 


The velocity of propagation of an electro-magnetic disturbance 
in a non-conductor should be equal to that of light. This con- 
stant is proved by mathematical considerations, to be approxi- 
mately the same as the ratio’ of the electrostatic to the electro- 
magnetic unit of intensity or quantity. This ratio is 3 x 10” 
(30,000,000,000), which is almost exactly the velocity of light. 


It also follows from what has been said that if an electrostatic- 
ally charged body were whirled around a galvanometer needle at 
the rate of 3 X Io” revolutions per second it should affect it like a 
circulating current. This rate of rotation cannot be attained, but 


Rowland has made manifest the effect of a rotating statically 


charged body upon a magnetic needle. 


The above is the merest outline of Maxwell’s theory. The full 
development must be studied in his own and succeeding works. 


Mayer’s Floating Magnets. An experiment due to Prof. 
Mayer. A numberof sewing needles are magnetized and thrust 
_ into bits of cork, almost allthe way through, with their like poles 

projecting. They are floated in a basin of water and take, under 
the effects of attraction and repulsion, when approached by a 
magnet pole, regular geometric positions, marking out the posi- 
tions of angles of polygons. 7 


Measurements. The determination of the value of quantities: 
determination of the factor by which the unitary value must be 
multiplied to produce the quantity under examination. Such are 
the measurement of the voltage of a galvanic battery, or of the 
ohms of resistance of a conductor. Electricity has been termed 
the science of measurement. 


Meg or Mega. A prefix, meaning one million times. A meg- 
ohm is one million ohms ; a megerg is one million ergs ; a mega- 
dyne is one million dynes. 
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Mercury. A metal; one of the elements; symbol, Hg; atomic 
weight, 200 ; equivalent, 200 or 100; valency, I and 2. It 1s a con- 
ductor of electricity. The following data are 0° C. (32° F.) 


Relative Resistance, 62573 | 
Specific Resistance, 94.32 microhms. 
Resistance of a wire, 





(a) 1 footlong, weighing I grain, 18.51 ohms. 
(0) 1 foot long, 1-1000 inch thick, 572.3 > 
(c) 1 meter long, weighing I gram, | 12.9r 
(dz) 1 meter long, 1 millimeter thick 1.211 
Resistance of a 1 inch cube, 37-15 microhms. 
Percentage increase of resistance per degree C. 1.8° F. at about 
20° C. (68° F.), 072 per cent. 
Electro-chemical equivalent (Hydrogen = .0105), 2.10 mgs. 
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Fig. 238. Maver’s Froatinc MaGnets. 


Mercury Cup. A cup of iron, wood or some material that does 
not amalgamate or is unattacked by mercury, which is filled with 
mercury and made an electrode of a circuit. By dipping the other 
terminal of the circuit into the mercury a very good contact is 
obtained. It is well to cover the mercury with alcohol. The 
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cup may be filled so that the mercury rises in a meniscus or semi» 
globule above its edges. For some purposes this form is useful, as 
for contacts with the end of a swinging wire or pendulum, because 


in such cases the contact can be made without tho contact point 


entering the cup. The point swings through the projecting menis- 
cus without touching the edges of the cup. A mercury cup and 
contact constitute a mercury break. } 





Fig. 239. SCHALLENBERG’S ALTERNATING CURRENT METER. 


Meridian, Astronomical. The great circle passing through 
the north and south poles of the celestial sphere. It lies ina plane 
with the corresponding geographical or terrestrial meridian. 


Meridian, Geographic. The true north and south meridian ; 
the approximate great circle formed by the intersection of a plane 
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passing through north and south poles of the earth with the earth’s 
surface. ee 


Meter, Alternating Current. A meter for measuring alternat- 
ing current, assupplied to consumers, from an alternating current 
system. Like most commercial meters its only function is the 
measurement of quantity ; the potential difference is maintained 
at a constant figure by the generating plant. 


The cut shows the Schallenberg meter. It is simply an alternat-_ 
jing current motor (see Motor, Alternating Current), with air 
vanes mounted on itsspindle. A main coil passes all the current. 
Within this is a second coil complete in itself, and not touching or 
connecting with the other. The latter is built up of copper rings. 
Within the two coils, and concentric with both is a disc of copper 
carried by a vertical spindle. The same spindle carries air vanes, 
and is free to rotate. As it does so it moves the indicating 
machinery. 


The current in the outer coil induces onein the inner coil. Owing 
to lag, the current in the inner one differs in phase from that in 
the outer one, and a rotatory field is produced. The copper disc 
acquires induced polarity, and rotates with speed which normally 
would be in proportion to the square of the current. But the 
object of the meter is to register the current only. The air 
vanes effect this. ‘The resistance of the air to their motion causes 
the rate of rotation to vary directly as the current. 


Meter Bridge. A form of Wheatstone’s bridge in which one 
lateral pair of arms is represented by astraight wire. The other 
pair comprise a known resistance, and the resistance to be deter- 
mined. The galvanometer is connected on one side between the 
known and unknown resistance. On the other side its connection 
is moved back and forth along the straight wire until the balance | 
is secured and the galvanometer reads zero. ee 


The relative lengths of wire intercepted between the two ends 
thereof and the movable galvanometer connection are proportional 
to the resistance of these parts and give the necessary data with the 


one known resistance for determining the unknown resistance. 


In the original meter bridge the wire was one meter long, whence 
its name, and was stretched straight. In more recent examples 
the wire varies in length and in one form is bent into a circle or 


spiral, so as to make the instrument more compact. 


The contact is not a sliding one, but is adjusted by trial. The 
contact piece is slid along, but not touching the wire, and from time 


we 
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to time is pressed down a pee : ee fee: 
: : gainst the wire. This prevents ‘ 
the wire. The wire may be made of platinum He of nledaiee 


iridium alloy. The latter is very hard and not easily worn out 


= Sones as shown in the cut, three parallel wires are stretched 
See Bes spot of ihe instrument, and arranged so that a 
vire, tw es or three wires in series can be used f 
proportional sides of the bridge, thus making i Sea 
l : aking it a two- 
three-meter bridge as desired. On the other Fond seine rage 


of restricted length, as a half or quarter meter only. 


































































































































































































TUTE LEN EL OT 


In the cut / X is the wire, trave 7 

: versed by the 

moving the contact C back and forth in fie slot oan Te bea au 
over any of the three divisions of the wire. AW is the handle For 


depressing the key. S isa flat spring, carrying the contact piece. 


and holding it up from the wires Ww owntward 
he wires, except when pressed d 
As shown in the cut, it is in use for calibrating a vel v7 
b] 


by Poggendorf’s method i 
eee ethod, G being the galvanometer and 7! and 7” 


Synonyms—Slide Bridge—Slide Balance. 


Meter Candle. A unit of illuminati 

: tin ° : : 

by one standard candle ata di poaeeurs Powers the light given 
units of illuminatin Be ee 
: definite. 


The ordi 
g power are altogether relative ; Te one ie 
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Meter, Chemical Electric. A current meter in which the cur- 
rent is determined by the amount of chemical decomposition which 
it can effect. In the Edison meter the solution is one of zinc sul- 
phate. Two electrodes of zinc are immersed in it, and a fractional 
part of the current is passed through it. The gain in weight of one 
electrode and the loss in the other are proportional to the current. 
Both electrodes are weighed periodically, one acting as check upon 
the other. 


Meter, Current. An instrument for measuring the quantity of 
electricity in current form supplied to consumers. It may be of 
various types. The general principle involved is that in commer- 
cial installations for incandescent light and power supply a fixed 
potential is usually maintained, the multiple arc system being em- 
ployed. Hence all that is requisite is to measure the coulombs 
or the ampere-hours to know what quantity of energy has been 
supplied. 


Meter, Electro-magnetic. _ A current meter in which the cur- 
rent is measured by its electro-magnetic effects. 


Meter-millimeter. A unit of resistance. (See Mesistance, 
Meter-millimeter.) : : 


Meter, Thermal Electric. A current meter in which the cur- 
rent is measured by the heat it imparts to a conductor. In one 
meter a very light helix of mica is poised horizontally over a con- 
ductor, and the whole is enclosed in a case. As the wire is heated 
it causes an ascending current of air which rotates the vane, and 
the latter moves delicate clockwork which moves indicating hands. 
The hotter the wire the more rapidly the air ascends, and conse- 

uently the speed of the vane is proportional to the current, because 
the heat of the conductor is proportional thereto. 


Meter, Time Electric. An electric meter which measures the 
length of time during which current is used. It assumes a con- 
stant current and potential. It is virtually a clock, which is 
turned on when the current passes, and is turned off with the 
current. . 


Meter, Watt. A combined current and potential meter. It is 
constructed on the general lines of a Siemens’ Electro Dynamom- 
eter. If in it one coil is made of coarse wire and is placed in 
series with the current conductor, and if the other is wound with 
Gne wire and is connected as a shunt from point to point whose 
potential difference is to be determined, the instrument becomes a 


watt meter. * 
Synonym—Energy Meter. 
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Methven Standard or Screen. A standard of illuminating power. 
It is the light emitted by a three-inch Argand gas flame through a 
rectangular aperture in a silver plate car- 
ried by ascreen. The aperture is of such 
size and so far distant from the flame as 
to permit the passage of exactly two can- 
dles illuminating power. | 


Mho. A unit of conductance, not in 
| very general use. It is the reciprocal of 

aa | the ohm. ‘Thus a resistance of ten ohms 
‘ ee is a conductance of one-tenth mho. 





























Mica. A natural mineral, a silicate of 
several oxides; muscovite. Itis used as 
an insulator and dielectric. Its resist- 
ance per centimeter cube after several 
minutes electrification at 20° C. (68° F. 
is 84 X Io” ohms (Ayrton). Its specific 
inductive capacity is5, airbeing taken at 1. 










































































rial, whose body is made of mica pulver- 
ized and cemented together with heat and 
pressure and some suitable cement. Shel- 
lac is often used as the cement. 


Micro. A prefix meaning ‘ one-mill- 





Fig. 241. i c , 1e- 
Maruven Scrnen ionth of;’’ a micro-farad is one-millionth . 


of a farad. 


Micrometer. An instrument for measuring small distances or 
small differences. It generally is based upon an accurate screw 
which may have a worm wheel for head, actuated by a worm or 
helix with graduated head, so that exceedingly small advances of 
the screw may be produced. ‘The pitch of the screw being known 
its actual advance is known. 


Micrometer, Arc. A micrometer for measuring the distance 
between voltaic arc electrodes. 


Micron. A unit of length. It is one-millionth of a meter or 
four one-hundred-thousandths of an inch. 


Microphone. An apparatus which includes a contact of variable 
resistance ; such resistance can be varied in amount by slight vibra- 
tions, such as those produced by sound waves. The apparatus in 
use forms part ofa circuit including a telephone and current gener- 
ator. As the contact is varied the resistance of the circuit and 
consequently the current intensity changes and sounds are emitted 





by the teleph 
is spoken to, t 
ducing the voice. 


cut. A short rod or pencil of carbon, 
tet ceies is sharpened at the ends and res 


hole is drilled to receive one of the points. 
on astand 


inals 7, v 
ae two contacts to be disturbed. 


Mica, Moulded. An insulating mate-— 
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i i hone 
orresponding to such changes. If the microp 
aie telenuune wil emit corresponding sounds, repro- 


gives the best micro- 
est forms is shown 1n 
A, such as used in 
ts loosely in a vertical — 
C, in each of which a 
The blocks are carried 


ith two ter- 
dand base D. ‘The blocks are connected wit 
a ofe circuit, including a telephone and battery. There 


has been found in practice that carbon | 
iene contact. One of the simplest and earli 


osition between two blocks of carbon, G 


-board will dis- 
phone. These 
but in part to 


icately adjusted a fly walking over the base 

ne ae See sigugt to produce sounds in the tele 
sounds are possibly not due only to sound waves, 

absolute mechanical disturbances. oa 
4 he various forms of telephone transmitter are generally micro 


phones. 
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Fig.242. MICROPHONE. 


ay. A combined microphone and telephone. 
laced close to the diaphragm of a telephone. 
the telephone affect the micro- 
The microphone circuit 


Wilby etigtes 


i 


——— 





Microphone Rel 
A microphone is p 
The slight sound waves emitted by th 
phone and are repeated inits circuit. 
includes a local battery and telephone. 

Microtasimeter. An apparatus for indicating minute changes 


_ in temperature or atmospheric moisture. 
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A button of compressed lampblack is placed in series with a bat. 


tery and galvanometer. A strip of some substance, affected in its 


is 
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Fig. 243. MIcROTASIMETER. 
length either b 


h ; : ‘ 
Ge ONE y heat or by moisture, is held pressing against the 


ght change in length of the strip varies the resistance 
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of the button and hence affects the galvanometer. In this way 
exceedingly slight changes in heat or moisture may be indicated. 


Fort heat indications vulcanite may be used. The heat of the 
hand held near it is enough to affect the galvanometer. For mois- 
ture a slip of gelatine is used. The moisture of a damp slip of paper 
two or three inches distant is sufficient to affect the galvanometer. 

In the cut, Fig. 2, shows the general distribution of the apparatus 
in circuit with a battery and galvanometer. Cis the base of the 
apparatus, from which the standard, &, with adjusting screw, /7, 


rises. The strip of vulcanite is held between Zand G. Within D 


is the carbon button (“in Fig. 3) pressed between G and /; A is 
a standard to carry the parts last described. In Fig. 1 it is shown 
as part of a Wheatstone bridge, a, 6 and c being resistance coils; 
] the tasimeter, and g@ the galvanometer. If a balance is secured, 
any variation in the resistance of the tasimeter will disturb the 
galvanometer. 


Synonym—Tasimeter. 
Mil. A unit of length; one-thousandth part of a lineal inch. 


It is equal to .025399 millimeter ; 
.000083, foot ; 
.oo1ooo inch. 


Mil, Circular. A unit of area; employed in designating the 
cross-sectional area of wires and other circular conductors. 


It is equal to .78540 square mil ; 
-,000507 square millimeter ; 
78 X 10-8 (.00000078) square inch. 


If the diameter of a wire is given in miis, the square of its 
diameter gives its cross-sectional area in circular mils. 
Mil-foot. A unit ofresistance. (See Resistance, Mil-foot, Unit of). 


Mil, Square. A unit of area; one-millionth of a square inch. 


It is equal to .000645 square millimeter ; 
1.2733 circular mil; | 
.oOOoOl square inch. 


Milli. A prefix; one-thousandth. Thus a milligram is one- | 
thousandth of a gram ; a millimeter is one thousandth of a meter. 
Milligram. A unit of weight; one-thousandth of a gram, q. Vv. 

It is equal to .015432 grain ; : 
.000032 troy ounce. 
Millimeter. A unit oflength ; one-thousandth of a meter. 
It is equal to 39.37079 mils ; 


.03937 inch 5 
.oolog yard. 
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Milli-oerstedt. A proposed but not adopted unit of current; 
one-thousandth of an oerstedt. It is equal to one-thousandth of an 
ampere. 


mm. Contraction for millimeters. 


Molar. Referring to phenomena of mass as gravitation. 
Mechanics generally treats of molar laws and phenomena. 


Molar Attraction. The attraction of mass for mass ; gravitation. 
Synonyms—Mass Attraction—Gravitation. 


Molecular. Affinity. The attraction of molecules for each other 
as seen in the formation of double salts, the combining of water 
of crystallization with a salt, and in other cases; a phase of 
affinity belonging to chemistry, although outside of true atomic 
attraction. 


Molecular Attraction. The attraction of molecules; physical 
affinity. Cohesion, the attraction of similar molecules for each 
other, and adhesion, that of dissimilar molecules, are examples. 
This should be distinguished from molecular affinity, a phase of 
chemical force. 


Molecular Bombardment. When « gas contained in a vessel 
is brought to a sufficient state of rarefaction the molecules cease to 
be subject to the laws of diffusion, but move back and forth in 
straight lines from side to side ofthe vessel. Their courses can. 
be affected by electric discharge, which can cause them to all 
impinge upon one of the electrodes, the positive one, producing 
luminous effects. The path, if referred to the negative electrode, 
tends to be normal to its surface, so that the resultant path may be 
curved, as the stream of molecules go to the positive electrode. 
The fanciful name of molecular bombardment is given to the 
phenomenon, the luminous effect being attributed to the imping- 
ing of the molecules against the positive electrode as they are pro- 

jected from the negative. The course of the molecules is comparable 
to the stream ofcarbon particles from the positive to the negative 
electrode in an arclamp. (See Matter, Radiant.) 


Molecular Chain.. The theoretical rows of molecules supposed 
to extend from anode to cathode in an electrolytic cell (see Ced/, 
LE lectric—Grothiiss’ Hypothesis) are called molecular chains.| 


Molecular Rigidity. The tendency of the molecules of a mass 
to retain their position in a mass in resistance to polarizing or 
depolarizing force, the first being the effect of a magnetic field. It 
is the theoretical cause of coercive force, q. v., and of residual 
magnetism. (See Magnetism, Residual.) 


Molecule. ‘The smallest particle of matter that can exist alone. 
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‘5 made up of atoms, but an atom can never exist alone, but only, 
with one or ae possible exceptions, combined with one or more 
other atoms as a molecule. The molecules under present condi- 
tions are not in constant contact with each other, but are perpetu- 
ally vibrating through paths, in solids probably in defined paths, un 
liquids and gases in perpetually new paths. The molecules collide 
with each other and rebound. This motion is the kinetic motion 


termed heat. At the absolute zero—273.72° C. (—460.7° F.) the 


molecules would be in contact and quiescent. In the gaseous 
state the molecules of most substances occupy the same volume ; 
those of a few elements occupy one-half and of others twice the 
normal volume. ‘The mean free path of the molecule of hydrogen 
is about I-20,000 mm. (1-508,000 inch) (Maxwell) or twice this 
length (Crookes), the collisions in hydrogen are about 17,750 
millions per second; the diameter is about 8-10,000,000 mim. 
(8-254,000,000 inch); A particle of matter I-4,000 mm. (I-102,000 
inch) contains, it is supposed, about 40,000 molecules. The results 
of different authorities vary so widely as to deprive the subject of 
much of its interest. A Sprengel pump, such as used for exhaust- 
ing Geissler tubes, or incandescent lamp bulbs, may leave only one 
hundred-millionth (1-100,000,000,) of an atmosphere present, giving 
the molecules a capability of an average free path of vibration 33 
feet long. 3 


ment. When a force is applied so as to tend to produce rota- 
as cond a point, the Brcduee: of the force by the shortest distance 
from the point of rotation to the extension of the line of the force. 
Such distance is the perpendicular to the extension of the line 
through the point of rotation. 


ordey Effect. A phenomenon observed in dynamo armatures. 
ea fouds the er See decreases. The effect is thus expressed 
by S. P. Thompson. ‘‘When an armature core is rotated in a 
strong magnetic field, the magnetization of the iron is being con- 
tinually carried through a cycle, but in a manner quite different 
from that in which it is carried when the magnetizing force is 
periodically reversed, as in the core of a transformer. | Mordey has 
found the losses by hysteresis to be somewhat sinaller in the former 
case than in the latter.’’ 7 


Morse Receiver. The receiving instrument formerly universally 
used in the Morse system. It is now but little employed, the 
sounder having displaced it. Several types were invented. 


consists of machinery which carries a reel of paper ribbon 
invauged to be fed over niles by clockwork. A pencil, inking 
roller, or embossing stylus (for the latter the roller must have a 
groove) is carried by an arm with restricted range of vibration just 
over the paper and roller. The armature of an electro-magnet ls 














382 STANDARD ELECTRICAL DICTIONARY. 


attached to the arm. When the magnet is excited the armature is 
attracted and the marking device is pressed on the paper. If the 
clockwork is in operation the marker will make a line as long as 
the armature is attracted. When released no mark will be pro- 
duced. In this way the dots and dashes of the Morse code are 
made on a ribbon of paper. 


As an inking arrangement a small roller is carried by the end 
of the vibrating arm. The embosser, or dry point stylus, was very 
extensively used. Theclockwork was generally driven by descend- 
ing weights. | . 

_Synonym—Morse Recorder. | 


Mortar, Electric. An electric toy which may have various 
- modifications. In the cut a wooden mortar 
with recess to receive a ballis shown. ‘Two 
wires enter the base but do not touch. On 
placing the ball in position and passing a 
spark from a Leyden jar across the interval 
between the wires, the heat and disturbance 
are enough to project the ball. Gunpowder 
may be used, the discharge being passed 
through a wet string to prolong the spark. 





_ Fig. 244. Exvgcrric Motor, Compound or Compound Wound. 

Mortar. A motor which has two windings on the field- 

magnets, one in parallel with that on the 

armature, the other in series therewith, exactly as in a compound 
dynamo. (See Dynamo, Compound.) 


Motor, Differential. A differentially wound motor; with a 
compound wound field, whose series coil and shunt coil are wound 
in opposition to each other. It is virtually a compound wound 
dynamo. (See Dynamo, Compound Wound.) 


Motor, Electric. A machine or apparatus for converting elec- 
tric energy into mechanical kinetic energy. The electric energy 
is generally of the dynamic or current type, that is to say, of com- 
paratively low potential and continuous or virtually continuous 
flow. Some electrostatic motors have, however, been made, and 
an influence machine can often be operated as a static motor. 


Electric motors of the current type may be divided into two 
classes—direct current and alternating current motors. 


Direct current motors are generally based on the same lines of 
construction as dynamos. One of the great discoveries in modern 
electricity was that if a current is passed through a dynamo, the 
armature will rotate. This fact constitutes the principle of the 
reversibility of the dynamo. 
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wilt on the dynamo model may be series wound, shunt 
Bee oe computa serial or of the magneto type, in the latter 
case having a fixed field irrespective of any current sent through 
them. ‘The field may be produced by an electro-magnet separately 
excited and unaffected by the current sent through the motor. 


ith separately 

trent passed through a magneto or motor wit 
ae field ‘ill turn it in the direction opposite to that required 
to produce the same current from it were it worked as a generator. 


A current passed through a series wound motor acts exactly as 


above. 

Both these facts follow from Lenz’s law, g Vv. i aa 

assed through a shunt wound motor acts oppositely 

Bae tuoves The direction of rotation is the same as that redule’ 
to produce a current of the same direction. This is because the 
field being in parallel with the armature the motor current 508 
through the magnet coils in the direction the reverse of os of the 
current produced in the armature when it is used as a dynamo. 
Hence this also carries out Lenz’s law. bei 

The compound wound motor acts one way OF the other accord- 
ing as its shunt or series winding preponderates. The two ey 
exactly balance each other, when there will be no motion a aT 
The series connections of a compound wound dynamo shou 
therefore be reversed, making both series and shunt work in unison, 
if the dynamo is to be used as a motor. A 

ral principles of the electric motor o e dy ; 

pene Seater fee, can only be outlined here. dae ies 
passing through the field magnets polarizes them and creates : 
Geld.. Entering the armature by the brushes and commutators 1 
polarizes its core, but in such a way that the north pole 1s ae 
from the south pole of the field magnet, and the same for ae ah 

ole. Hence the armature rotates. As it does this the ee ce 
connect with other commutator sections, and the poles 2 the 
armature are shifted back. This action continues indefinitely. 


other class of motors is of the reciprocating type. These are 
nee little used. (See Motor, Reciprocating.) 
One valuable feature of continuous rotation electric motors ee 
fact that they absorb energy, to a great extent ee in 
amount to the work they have to do. The rotation oft ae ue 
tn the field of the motor involves the cutting of lines of oe he S 
coils. ‘This generates an electro-motive force contrary i i ee 
to that producing the actuating current. The more ee a e sus 
tion the greater is this counter-electro-motive force. e mo oF 
armature naturally revolves faster with diminished resis ae oO 
the motion of the armature. This increases the ou ee ro- 
motive force, so that less energy 1s absorbed. When the motor 1s 
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called on to do work, the armature rotates more slowly, and the 
counter-electro-motive force diminishes, so that the machine absorbs 
more energy. (See /acobi’s Law.) 


Motor Electro=-motive Force. The counter-electro-motive 
force of a motor. (F. J. Sprague.) 


A motor rotates in virtue of the pull of the field magnet upon the 
poles of the core of its armature. In responding to this pull the 
windings of the armature cuts lines of force and hence generates 
a counter-electro-motive force, for which 'the above term was sug- 
gested. 


Motor-Generator. A combined motor and generator used to 
lower the potential difference in a portion of a circuit, e. g., that 
part within a building. | 

A motor-generator is a dynamo whose armature carries two com- 
mutators, with two separate windings, one of fine wire of many 
turns, the other of coarse wire of few turns. If the potential of the 
system is to be lowered, the main current is passed through the 
fine winding. Thiscauses the armature to turn motor-fashion, and 
a potential difference is generated by the rotation of the large coils 
in the field. This potential difference is comparatively low and by 
properly proportioning the windings may be lowered to as great a 
degree as required. 


The same apparatus may be inverted so as to raise potential 
difference. It acts for continuouscurrentsystems as the induction 
coil transformer does for alternating current systems. 


Synonym—Continuous Current Transformer. 


Motor, Multiphase, A motor driven by multiphase currents. 
It is arranged in general terms for distribution of the multiphase 
currrents in coils symmetrically arranged around the circle of the 
field. These coils are wound on cores of soft iron. A rotating 
field is thus produced, and a permanent magnet or a polarized 
armature pivoted in such a field will rotate with the field, its poles 
following the poles of the rotatory field. 


The cut, Fig. 245, illustrates the principles of action of a four 
phase current motor, connected to a four phase current dynamo or 
generator. The generator isshown on the left hand of the cut 
and the motor on the right hand. In the generator the armature 
V Sis supposed to be turned by power in the direction shown by 
the arrow. Hach one of the pair of coils is wound in the reverse 
sense of the one opposite to it, and the two are connected in series 
with each other, and with a corresponding pair in the motor. The 
connection can be readily traced by the letters 4A’, aa’ for one 
set of coils and B B’ 6 0/ for the other set. . 


For each rotation of the armature two currents, each in opposite 
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direction, are produced in A A’, andthe same is the case for BB’. 
‘hese currents which have an absolutely constant relation of 
phase, and which it will be seen alternate four times for each rota- 
tion of the armature, regulate the polarity of the field of the motor. 


Os =m 





Byres 
Fig. 245. Four-pHASE CurRENT GENERATOR AND Moror. 


The resultant of their action is to keep the poles of the field magnet 
of the motor constantly traveling around its circle. Hence the 
armature JV S of the motor, seen on the right hand of the cut, 
tends to travel around also its north and south poles, following the 
south and north poles of the rotatory field respectively. 

It isnot essential that the armature should be amagnetor polarized. 
Any mass of soft iron will by induction be polarized and will be 
rotated, although not necessarily synchronously, with the rotatory 
field. Any mass ofcopper, suchas a disc or cylinder, will have Fou- 
cault currents induced in it and will also rotate. The only compo- 
nents of such currents which are useful in driving the motor are 
those which are at right angles to the lines of force and to the 
direction of motion. A very good type of armature based on these 
considerations is a core of soft iron wound with insulated copper wire 
in one or more closed coils, and so wound as to develop the currents 
of proper direction. | 

Such an armature is used in the Tesla alternating current motor. 
An efficiency of 85 percent. has been attained with some of the 
Tesla motors. 

Motor, Prime. A machine used for producing mechanical 
motion against resistance. It may operate by converting heat or 
any other form of kinetic or potential energy into mechanical 
energy of the moving type. A steam-engine and a water-wheel 
are examples of prime motors. : 

Motor, Reciprocating. The early type of motor depending 
upon reciprocating motion, such as the motion of a coil in a solen- 
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oid. These were based upon the lin is 
es of a steam 

been abandoned except for special purposes sripeeiens and have 

motion is especially required, as in the case of rock drill 





the ordinary incandescent lamp circuits the lamps are connected 
in multiple. 
Synonym—Multiple Arc. 


Multiple Arc Box. A resistance box arranged so that the coils 
may be plugged in multiple instead of in series. Such can be used 
as a theostat, as the resistance can be very gradually changed by 
putting the coils one by one into parallel with each other. Thus 
by adding in parallel with a 10 ohm coil a 10,000 ohm coil the 
resistance is decreased to 9.999001 ohms, and thus the resistance 
can be very slowly changed without sudden stops or abrupt changes. 


procating 


S. 














Multiple Series. Arrangements of electric apparatus in a circuit 
in a number of series, which minor series are then arranged in 
arallel. The term may be used asa noun, as * arranged in mul- 


tiple-series,” or as an adj ective, as ‘‘a multiple-series circuit.’’ 























Fig. 248. MuLTIPLe SERIES CoNNECTION. 


Multiple Switch Board. A switch board on whose face con- 








In the cut, 2 is a s ; : i 
piece... The feat: Soe rae ee ca armature; £ a pole a3 necting spring jacks or other devices are repeated forthe same 
tion is supplied and cut off alternately, s, 66, and by commuta- 7. circuits, so that different operators have each the entire set of con- 
cating movement of the armature eae ae maittaining a recipro- <a nections repeated on the section of the board immediately in front 
Synonym—Pulsating M rotation of the fly-wheel. i of and within their reach. This multiplication of the same set 
Pele + . Of connections, giving one complete set to each operator, gives 


the title ‘‘multiple”’ to the type of switch board in question. 
The typical multiple switch board used in telephone exchanges 
is the best example of this construction. The calling annun- 


Motor, Series. A motor whose winding on the armature is in | 
| | ciators of the subscribers are distributed along the bottom of 


series with the winding on the fi is ‘Simi : 
dynamo. (See Dininie. Series.) lds 1b 1s Eipullan tol iecties 


_ Motor ee 
| parallel Deiat a gto whose winding on the armature is in | the board extending its full length. To each operator a given 
| shunt woundd ae 7 on the field magnets. It is similar toa | - number is assigned, all within reach of the right or left hand. This 
| y o. (See Dynamo, Shunt.) | gives five or six feet length of board to each, and an operator only 


| a  tesponds to those subscribers within his range. But any one of his 

7a subscribers may want to connect with any of the others in the 

entire central station. Accordingly in front of each operator 

a3 spring jacks are arranged, one for each of the entire set of sub- 

‘ : scribers connected in that office. The operator connects as required 

| any of the calling subscribers, who are comparatively few, to any 

one of the large number served by the central station. Thus the 

entire set of subscribers’ spring jacks are multiplied over and over 
again so as to give one set to each operator. | 


Fig. 247. MuttipL— Arc ConngECTION. 


Multiple. A term ex j i 
: pressing connection of electri 
such as battery couples, or lamps in parallel with each other: Ta 
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Multiple Wire Method for Working Electro=magnets. A _ 


method for suppressing sparking in working electro-magnets inter- 
mittently. The magnet core is wound with a number (from four 
to twenty) of separate layers of fine wire. A separate wire is taken 
for each layer and all are wound in the same direction, from one 
end to the other of the space or bobbin without returning. The 
ends are then joined so as to bring all the wires in parallel. The 
effect of this is that as the coils vary in diameter the time con- 
stants ofeach is different from that of the others, the coefficient of 
self-induction being less, and the resistance being greater for the 
coils farthest from the central axis. Thus the extra currents run 
differently in the different coils, and only a comparatively small 
spark can be produced owing to the division of forces thus brought 
about. | 





Fig. 249. D1acram ILLusTtraTiING MULTIPLE WIRE WoRKING. 


Multiplex Telegraphy. Any system of telegraphy transmitting 
more than four messages simultaneously over a single wire. 
Properly it should apply to all transmitting more than one, but 
conventionally has the above restricted meaning, distinguishing it 
from duplex and quadruplex telegraphy. : 


Multiplying Power of a Shunt. When a resistance is placed 
in parallel with a galvanometer on a circuit the following relation 
obtains. Let sand g equal the resistances of the shunt and gal- 
vanometer respectively, S and G the currents in amperes passing 
through them, V the potential difference between their common 
terminals, and A the whole current in amperes. Then we have 

Sa Sk 
aS x G, and 








is termed the multiplying power of 


; S S 3 

the shunt, as it is the factor by which the current passing through 
the galvanometer must be multiplied by to produce the total 
cutrent. 


Muscular Pile. A species of voltaic battery, often termed Mat- 
teueci’s pile, made up of alternate pieces of muscle cut longitudi- 
nally and transversely respectively. The different pieces represent 
the elements of a battery, and their difference of potential is 
naturally possessed by the pieces. 


Myria. A prefix; one million times. Thus myriavolt means . 


one million volts. 
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-N. (@) Symbol for north pole or north-seeking pole of a magnet. 
(5) Symbol for the number of lines of force in a magnetic circuit. 


Nairne’s Electrical Machine. ‘The cylinder electrical machine, 


q. V- 
ieri i i i £ whose 
Napierian Logarithms. A series of logarithms the base o 
Ber is 2.72818. They are also called hyperbolic logarithms. 


. An element just separating from a combination 
fees SOeeane higher Eanities nee after separation, and can 
effect more powerful chemical changes. . 

It is sometimes attributed toa differential time of existence in 
the atomic modification, before the freed atoms have united to 
form molecules. 

Natural Currents. A term for earth currents. (See Current, 
Earth.) : ‘ 

: erm applied to a bar magnet poised horizontally 
ee Sic eae or suspended in a horizontal position by a 
filament. ‘Thus the magnet in a mariner’s compass, which may be 
a substantial bar magnet, is called a magnetic needle. 

(6) An indicator in general shape like the hand of a clock. (See 
Annunciator, Needle—Telegraph, Needle.) : 


| dle of Oscillation. ‘The magnetic needle poised horizon- 
ein and used for measuring the intensity of the earth’s magnetic 
field, or of an artifical magnetic field, by the method of oscilla- 
tions. ‘The intensities of the field is inversely as the square of the 
number of oscillations performed in a given time. 


Needle, Telegraphic. The index in needle telegraphy (see 
Telegraph, (Needle) whose motions indicate the characters 1t 1s 
desired to transmit. ee 


Negative Charge. One of the two kinds of electric charges. 
The other is the positive. | | 
By the double fluid hypothesis this is assumed to be a charge of 
a particular kind of electricity—negative ae ee 

i uid hypothesis it is supposed to be caused by , 

Pe ea of the Peenal cece er asurface. The reverse 
is held by some theorists. | 

The subject is so purely theoretical that neither of the two 
hypotheses is accepted as final. 

Negative Electricity. The kind of electricity with which a 
piece of amber is charged by friction with flannel; resinous elec- 
tricity. (See Electrostatic Series.) 


a ind ace pie co See ee ea Cl 
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In a galvanic battery the surface of the zinc plate is charged with 
negative electricity. i : 


According to the single fluid theory negative electrification con- 
sists in a deficiency of electricity. 


Negative Element. In a voltaic cell the plate not dissolved by 
the solution; the one which is positively charged; the copper, 
platinum, or carbon plate in the usual type of battery. 


The current is assumed to flow from negative element to posi- 
tive element (the zinc plate) through the wire or other external 
conductor. 


Nerve Currents. Currents of electricity obtained from nerves. 


They are much more feeble than those obtained from muscle, but 
are produced in the same general ways. 


Network. Conductors in parallel and crossing each other, with 
connections at the junctions. 


The term is sometimes so loosely applied as to include parallel 
conductors. | 


Neutral Line of Commutator. The diameter of a commutator 
which connects its Veutral Points, q. v.; sometimes termed the 
diameter of commutation; the diameter approximately at right 
angles with the lines of force. The commutator brushes are 
applied at the extremities of this diameter. 


Neutral Point of a Commutator. The poitits of a commutator 
at which no lines of force are cut; the points at the extremities of 
a diameter which, except for the lag, would be at right angles to 
the lines of force ; the points at which the brushes touch the com- 
mutator. eS pis 


Neutral Point, Thermo-electric. A temperature marking a 
point of no thermo-electric difference of potential. Ifthe junctions 
of a thermo-electric couple are at temperatures, ore alittle over and 
the other an equal amount under the neutral point, no current will 
be developed. At the neutral point the thermo-electric polarities 
are reversed. Differences of temperature above it give currents of 
reverse direction to those given by corresponding differences 


below it. For an iron-copper couple the neutral point is 274.5° C. 


(526° F.) 
Synonym—Neutral Temperature. 
Neutral Relay Armature. An unpolarizable armature for use 


with a relay; an armature of soft iron or iron wire; as distinguished 
from a polarized armature. 


Neutral Wire. The central wire in the three wire system, q. v., 


| 
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ie wi int between the 
ic distribution; the wire connected to a poin 
| Sree or otherwise to the central point of the current 


generator. 
+ - 
-B © 2. OOO OF :@; © 2 
4 
@ 


~ ot 
] 


D1aGRAM OF THREE WIRE SYSTEM SHOWING NEUTRAL WIRE. 









Fig. 250. 
i : ted in 
tral Wire Ampere Meter. An ampere meter connectee 
El aeank of the neutral wire to determine the current passing 
through it. Such determination is for the purpose of serebeerwee 
how much more work is being done by one of the lateral lea 
than by the other. : 
Synonym—Balance Ampere Meter. 


N. H. P. Symbol or contraction for “ nominal horse power.’’ 
Thisis a basis for rating the size of an engine. 


i : - atomic weight, 58.8 $ 
Nickel. A metal; one ofthe elements; a 3 
equivalent, 29.4 ; valency, 2; specific gravity, 8.8. It is a con 
ductor of electricity. a . ike 
Relative resistance, annealed (Silver = 1), 4 
Specific Resistance, 12.47 microhms. 
Resistance of a wire 
a) 1 foot long, weighing I grain, 
ts) t foot long, yoso inch thick, ° 
(c) 1 meter long, weighing I gram, I.0 : - 
(d) 1 meter long, I millimeter thick, -1587 | 
Resistance of a 1-inch cube, 4.907 microhms. . 
Blectro-chemical equivalent, (Hydrogen = .0105) 3087 eee, 

It is strongly paramagnetic, but loses this quality at 350° C. 
(662° F.) 
It is important as aconstituent of German silver, an alloy muc 

used for resistance coils. 


i . A bath for the electro-deposition of nickel. A 
coe ae Ae have been given. Metallic nickel is ceo 
Tn 1 vol. sulphuric acid mixed with 2 vols. water. Neutralize Me ; 
ammonia, and add of ammonium sulphate one-half ihe ae 3 
metallic nickel originally used ; 135 parts of nickel will be enough . 


for a bath of 10,000 parts. 


1.578 ohms. 
74.963 °° 


&¢ 
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Other formule are as follows: 


Double nickel-ammonium sulphate, 4 parts, 
Ammonium carbonate, Bch 
Water, Ioo §§ 
Nickel sulphate, nitrate orchloride, rc 
Sodium bisulphate, sate 
Water, 2077.58 


Nickel anodes are used in the bath to maintain the strength. Too 


much care cannot be exercised in the absolute cleanliness of the 
articles to be plated. A too akaline bath gives a disagreeable yellow 
color to the deposit ; too acid a bath gives badly adhering deposits. 


Night Bell. An alarm bell in a telegraph office, which bell is 
connected at night to give a loud signal to attract the operator’s 
attention. It is used in telephone exchanges and is connected so 


as to ring as long as asubscriber remains unanswered after calling. 


Nobili’s Rings. When a dilute solution of copper acetate is 
placed on a bright silver plate and a strip of zinc is touched to the 
silver beneath the copper, a series of rings of copper are formed by 
electrolysis around the zinc. ‘These are Nobili’s rings. 


If for the copper acetate a solution of lead oxide in potassium 
hydrate solution is substituted, and if the polished plate which 
may be German silver is connected to the positive electrode of a 
battery, and a platinum wire connected to the negative pole is 
immersed in the liquid, it determines the formation of beautiful 
iridescent rings of lead binoxide. The platinum wire is sometimes 
sealed in glass so that only its point projects. 


The colors are due to interference of light, the layers of lead oxide 
being extremely thin. 


The lead binoxide is formed by secondary reaction. Metallic 
lead is first deposited on the negative pole. The oxygen which 
goes to the positive pole formed by the polished plate produces 
lead binoxide which is deposited there in rings. The reaction is 
comparable to that of a storage battery. 


Synonyms—Metallochromes—Electric Rings. 


Nodular Deposit. A deposit obtained in electroplating, charac- 
terized by irregular thickness ; due to too low density of current. 


Non-conductor. A material that does not conduct electricity 
except with great difficulty ; a substance of very high resistance. 
Synonym—Insulator—Dielectric. 


_ North Pole. (a) The north-seeking pole of a magnet ; the pole 
of a magnet which tends to point to the north, and whence lines of 
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force are assumed to issue on their course to the other pole of the 
magnet. 


(6) The North Pole of the earth. Treating the earth as a magnet, 


le should be 
ing the above nomenclature the north po 
ee saath pole. (See Austral Pole—Boreal Pole.) 


North-seeking Pole. ‘The pole of a magnet which tends to 


- point to the north; the north pole of a magnet. 


Null Method. Any method of obtaining measurenients of com- 


i i hen the deflection 
i in which the measurement is correct w 
BY the ol gauonietss or other indicator is zero, nought or ee ape 
Wheatstone Bridge (see Bridge, Wheatstone) is an example o 


null method. 3 : 
Two obvious advantages attach to null methods in electric gal: 
vanometer work. One is that an apcetbra Jeet on aS 
d. The other is that a galvanometer of any hig 
ies can be employed, there being no restriction as to its 
fineness of winding or highness of resistance. 


O.. (Greek capital ‘‘Omega’’ or O) symbol for megohm. 
co. (Greek omega or 0) symbol for ohm. 





Fig. 251. OrrsTept’s DISCOVERY. 


; e. ° ill 
sion. An absorption of gases by metals. Palladium will, 
if aes the hydrogen evolving eer secon Lene was 
imes its volume of hydrogen, 
Seanad The metal may also be heated in hydrogen an anes 
to cool therein, when occlusion occurs. Platinum wi ee ae 
4 times its volume of hydrogen ; iron, 4.15 times its vo See 
carbon-monoxide ; silver, 7 times its volume of oe, e 
with occluded gases may serve as elements in a galvanic couple. 
(See Gas Battery.) A metal expands in occluding a gas. 
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‘In the storage battery it is believed that occlusion plays a part, 
hydrogen and oxygen being respectively absorbed by the two sets 
of plates, and acting as they do in Groves’ gas battery. | 


Oerstedt. Name proposed for the unit of current strength, but 
not adopted. The ampere is the accepted name. 


Oerstedt’s Discovery. Oecerstedt discovered in’ 1820 that a 
magnetic needle tended to place itself at right angles to a current 
of electricity. This fundamental experiment is the basis of the 
galvanometer. : 


Ohm. The practical unit of resistance ; 109 C. G. S. electro-mag- 
uietic units. The legal ohm is the resistance of a mercury column 
I square millimeter in cross-sectional area and 106 centimeters in 
length. There has been considerable confusion, owing to inac- 
curacy in early determinations, in the valuation of the ohm. In 
this work the legal ohm is used. The different ohms will be found 
defined in their place. Resistance units of various names may 
also be consulted. 


The following table gives the relative values of the different 
ohms. 


—_— eee 











yeneel of eee 
ercury ah B. Oard O L l 
pumatnl Ohm [Ohm = arte: | Ope. 
metre. j 
True Ohm, - - - | 106.24 |1. 1.0128 .9994 1.0022 
B. A. Ohm, - - - 7] 104.9 |°.9874 | i -9868 -9889 
Board of Trade Ohm,] 106.3 | 1.00050] 1.0133 | 1 1.0028 
Legal Ohm, - = - | I06.0 20077. @|) 1.0112: |) 2907E «|. 41 
Seah res Ss “A ec A A Eh st Ee rt eS 


Ohmage. The Resistance of a circuit expressed in ohms. 


Ohm, B. A. The British Association unit of resistance; the 
resistance of a column of mercury I square millimeter in cross- 
sectional area and 104.9 centimeters long; the B. A. Unit of 
Resistance. 


Ohm, Board of Trade. The approximate ohm as recommended 
by the British Board of Trade on the advice of a committee (Sir W. 
Thomson, Dr. J. Hopkinson, Lord Rayleigh and others). It is the 
resistance of a mercury column one square millimeter in section, 
and 106.3 centimeters long at 0° C. (32° F.) : 


- Synonym—New Ohm. | 


“tmic Resistance. True resistance as distinguished from 
epurious resistance, or counter-electro-motive force. 
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: ‘ stacks 
al. ‘The practical unit of resistance. The resis 

eens eee one square millimeter in cross-sectional area 
and 106 centimetres long at 0° C. (32° F.) The ohm used previously 

to 1884 is the B. A. Unit of Resistance, q. v- 
One legal ohm = 1.0112 B. A. Units, and 1B. A. Unit = 0.9889 
legal ohm. : ee 

istance of a copper wire 1 foot long and ogy inch 1 

ee Ae aout 10 Be The resistance of 1 mile of iron wire 


Y% inch in diameter is about Io ohms. 
Synonym—Congress Ohm. 
Ohmmeter. An instrument for. measuring directly the resist- 





Fig. 252. TT HRORY OF OHMMETER. ee 
ircuit through which a 

ance of a conductor or of any part of acircul 

strong current is passing. It is the invention of Prof. W. E. 





Fig. 253. OHMMETER. 


Ayrton. It contains two fixed coils at right angles to each other 
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acting on the same needle of soft iron. One coil is of thick Wire 
and is placed in series with the resistance to be measured. The other 
is of very thin wire and is placed in parallel with the same resistance, 
One wire acts by the total current, the other by the potential differ- 
ence between the ends of the resistance. The action onthe soft 
iron needle is due to the ratio of potential difference to tota] 
currents, or to the resistance itself. By properly designing and 
proportioning the coils the angular deflections Of the needle are 
made proportional to the resistance. 


In use the thick wire may be kept permanently in circuit. On 
connecting the binding posts of the thin wire coil to any two parts 


of the circuit its resistance is at once given by the deflection of the 
needle. 


When no current is passing the needle rests in any position. A 
current in the thick coil brings it to zero. A. current simultane- 


ously passing through the thin high resistance coil brings about 
the deflection: 4 4... 


The instrument is a commercial rather than a scientific one. 


Ohm’s Law. The fundamental law expressing the relations 
between current electro-motiye force and resistance in an active 
electric circuit. It may be expressed thus: oon 

(2) The current strength is equal to the -electro-motive force 
divided by the resistance. | Se 

(6) The electro-motive force i 
multiplied by the resistance. 


(c) The resistance is equal to the electro-motive force divided 
by the current strength. : 


All these are different forms of the same statement. Algebraic- 
ally the law is usually expressed thus, (2) C—E/R. It may also be 
expresed thus: (6) KF =C Rand (c) R= E/C, in which R denotes 


resistance, C denotes current strength, and E denotes electro-mo- 
tive force. eS 


s equal to the current strength 


Ohm, True. The true ohm is the resistance of a column of 
mercury I square millimeter in cross-sectional area, and 106.24 
centimeters long. (See Ohm.) | | a , 


Synonym—Rayleigh Ohm. 


Oil Insulation. Oil insulation has received several applications 
in electrical work. It has been proposed for use in underground 
conduits. These it was proposed to fill with oil after the inser- 
tion of the conductors, the latter properly wrapped with cotton or 
other covering. For induction coils it has been very successfully 
used. Its principal utility depends on the fact that 


it is liquid, so 
that if pierced by a spark it at once closes again. A solid insulator 
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inj is also used in telegraph 
if pi is permanently injured. It 1s a ; 
4 vere (cee nsulator, Liquid) to prevent surface leakage 


Olefiant Gas. A compound oe : r = ; See ae ae 
: lecular weight, 20 ; 7» +98 
Se einer i f air. Its specific induc- 
i i ic of about the resistance of air. p 
live Se ae acnoaptiente pressure is 1.000722 (Boltzman.) 


Synonym—Ethene ; heavy carburetted hydrogen. 


Open. adj. An electric circuit is said to be open Rey ae pie 

or oer so that no ae can eee seer ae = es: ee 
hinking of aswitch ; é urrent C 

Bane tt The sane adjective 1s applied to magnetic circuits, 
2 air gap implying an open circuit. 


Open Circuit Oscillation. An oscillation of culrent an ore 

ircuit so that a spark discharge accompanies it. fee p eae 
teeta sonance in a simple circle or loop of wire x face 
ony ee together but not touching, if the circuit is o cucn ee 
hes Non OF oscillation corresponds with that of ee in eeu 
ausuaree. "(See Resonance, Electric.) Its period depends entirely 
on the self-induction of the circuit. 


i ‘of plane co-ordinates (see Co-ordinates), 
beeen ae ce eiae bok the axis of abscissas measured 
parallel to the axis of ordinates. oe oe 

Ordinates, Axis of. ‘The vertical axis in asystem or co-or 
nates, q. V. : 

Synonym—Axis of Y. ; 

ais Electric. An organ in which the air vet Ag eamie® 
or excluded from the different pipes by electric mec ee 

The outlines of the system are a series of contacts wor y 


i the organist, a cur- 
hich cause, when operated by 1 
eke 6 ee apn electro-magnets, opening the valves of the 


different pipes. Thus the manual may be at any distance from . 


on the same 
f organs may be worked upon 3 
pet AS eae ee in penal cathedral are thus connected 


to a manual in the chancel. 
; | i rement by a 
i ion of a Magnetic Needle. The acquirement by. 
peas aeeale of its position of rest, with its magnetic axis 1n 
the magnetic meridian. : 
| of C i f linear co-ordinates the 
ivin of Co-ordinates. Inasystem 0 
: ae intersection of the axes; the point whose co-ordinates are 
th zero. 
Oe ene Needle, A small light bar magnet suspended by a 


y 
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filament and employed in determinin 
field by the osci 
disturbance. 


Oscillations, Electric. In static electricity the sudden and very 
rapid alternations in the discharge of a static condenser. This dis- 
charge of the disruptive order seems a single one, but is really 


composed of a number of discharges alternating in direction and 


producing electro-magnetic ether waves, probably identical with 
light waves except that they are longer and far less rapid. 


__ Oscillatory Electro-motive Force. Hlectro-motive force rap- 
idly changing in sense or in direction, so that it presents an oscil- 
latory character. ‘The alternating current and the telephone 


cura as used in practice are actuated by this type of electro-motive 
orce. : 


Osmose, Electric. When two liquids are separated by a 
porous diaphragm, and a strong current of electricity is passed 
through from the liquid on one side, through the diaphragm, to 
the liquid on the other side, the liquid on the side towards which 
the current is passing risesin level. ‘The process is termed electric 

_ osmosé. When a liquid is forced through a diaphragm a current 
is produced; in other words elect 


tic osmose is reversible. . The 
current thus produced is termed a diaphragm current. 


Oscillation, Electric. The phase of discharge of a static con- 
denser in one direction. It is usually followed by a discharge in 
the opposite direction constituting a second oscillation, and so on, 
so that a great number of exceedingly short oscillations are com. 
prised. Thus, in the discharge of the Leyden jar a large number 
of oscillations of current back and forth are produced, the current 
alternating like the swings of a pendulum. 


These oscillations are supposed to affect the ether, producing 
waves in it identical with light waves, except that we have not 
been able yet to produce them short enough to affect the visual 
organs. The waves thus produced can be reflected or refracted ; 
some substances are transparent for them and others opaque. 
There is a possibility that man may yet succeed in producing elec- 


tric oscillations of sufficient frequency to bring about the direct - 
production of light. 


Oscillatory Displacement. Hypothetical displacement currents 
of rapidly alternating direction produced in the oscillatory dis- 
charge of a Leyden jar or static condenser, 


Oscillatory Induction. Induction produced by sympathetic | 
action of an oscillatory discharge or by electric resonance. (See 
Oscillations, Electric—Resorance, Llectric—Resonator, Electric.) 


g the intensity of a magnetic 
llations it completes in a given time after a given 
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socket. : of work done by a 
nergy delivered or < : bs 
Output. ae ace : eapen generator it is the ue ou: 
poe aa eee or better the volt-amperes delivere 
er give ) 


circuit terminals. 


Magnetic. Th 
eee ee an Behe circuit. It is the 
force by the induced magnetism. Oo 

Unit of. Asa unit of output of a dy ap 
eee on has proposed 1,000 watts, or © ce 
Se eae frequently used. To complete y eas 
ce ae er, the amperage or the voltage da S oe 
Se ona ro volt machine, or a 10 kilowatt—99 
as a IO 


ae ioni | ies and shunt 
ing. rtioning of the series t 
Al aiaataran ce Een, sO aia the velises oe Ce 
ean 8 yh the load or output enough to allow or een 
Dee ine we taining the potential for full load at peer 
eine ree carried out by an increase of amp i 
ina : 


the series winding. 


° ° e 


ame rone ns he 
i magnetic circuit of t 
sey ee nucaes the magnetizing 


h the coils as to heat th 
ae = roduction of heat implies the 


A 


machine. 


Ozone. 


re 
Anallotropic form of oxygen. It possesses much mo 
energetic chemical properties 


2 os 
than oxygen. Itis supposed to 52 


in i d thus: 
tain three atoms of oxygen in its molecule, represente : VAS 


‘c discharges and it is its peculiar odor 
eu : pe a Os rae machine, ane sometimes in a 
yea - ne near the path of a lightning flash. eee 
thunders trolvsis of water some ozone may be. pie ne Pale 
imi eee S leare of the oxygen or of the ee : g 
Ser a source of inaccuracy in a gas voltameter. 
off. Thisis asource 
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Pacinotti’s Inductor. The Pacinotti or Gramme Ring. (See 


Pactnotti’s Ring.) 


Pacinotti’s Ring. A ring of iron wire wound with coils of 
insulated wire at right angles to its circular axis, and used as the 


armature of a dynamo or motor. A number of connections are 
taken from the coils to a central commutator. 


See 
LTT ; 





Fig. 254. Pacinorri’s MACHINE, wiITH RING ARMATURE. 


Ifsuch aring with its coils is rotated ina field, current can be 
taken from points of the commutator on a line at right angles to 
the lines of force entering the Ting 

The ring was discovered in 1862 by Pacinotti, and later was inde- 
pendently discovered by Gramme. It is often known as the 


Gramme ring. 


Pacinotti Teeth. Projections on a cylindrical or drum arma- 
ture, between which in the grooves formed thereby, the wire is 
wound. The teeth being ofiron tend to diminish the reluctance or 


magnetic resistance of the interpolar space, or interval between 
the poles of the field magnet. 


Synonym—Pacinotti Projections. 


Paillard Alloys. Non-magnetic palladium alloys, invented by 
Paillard, of Switzerland, used in anti-magnetic watches. ‘The foi- 
lowing are given as the compositions of several such alloys: 


| I: II. 
Palladium, 60 to 75 parts 50 to 75 parts 
Copper, 15 to 25 = $6 20to30 ‘ 
Iron, IT to 5. $s §to20 * 











STANDARD ELECTRICAL DICTIONARY 4ol 
The following are more complex: : 
Le i e 
Palladium, 65 to 75 _ parts 45 to 50 parts 
Copper, 15; to 25 ss 15 to 25 2 
Nickel, EA toes5 BS 2to 5 7 
Silver, 2. 3tO LO ss 20 to 25 . 
Gold, Is 21032207 =3 8° : 2to 5 2 
Platinum, UE NOT Oa ea 2 tn . 
Steel, Te to 5 se 2to 5 


These alloys are used for balance springs, as well as for the bal- 
ance wheels aad escapement parts of watches. The elasticity of 
recently produced springs has been found to be very satisfactory. 


Page Effect. The sounds produced by magnetizing and demag- 
netizing a bar of iron or steel; the magnetic tick. The sounds are 
strong enough to produce a telephonic effect. (See Magnetic Tick.) 


Palladium. A metal of the platinum series. It has the highest 
power of occlusion, q. v., of all metals. It is the characteristic 
ingredient of non-magnetic watch alloys. 

Palladium used as an electrode in the electrolysis of water will 
occlude 936 volumes of hydrogen, and the hydrogen-palladium 
alloy will exceed in size the original electrode. 









































Fig. 255. Luminous Pang. 
Pane, Luminous. A pane of glass, one side of which has pasted 
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to ita long zigzag strip of tinfoil. A design is made by cutting 
through the strip. On discharging a Leyden jar or an electric 
machine through the strip sparks appear where the tinfoil is 
severed, thus producing the design ina luminous effect. Many 
variations can be employed in their construction. 


Pantelegraphy. A system of telegraphy for transmitting designs, 
- maps, coe and the like by telegraphy. (See 7elegraphy, Fac- 
simile. 


Paper Filaments. Filaments of carbon for incandescent lamps. 


made from paper. 


This is one of the earliest materials practically used. The paper 
is cut out of proper shape, and is carbonized in a close vessel, while 
embedded in powdered charcoal or some other form of carbon to 
absolutely cut off access of air. It is then placed in the lamp 
chamber and flashed or subjected to the regular treatment. 


Parabola. A curve; one of the conic sections. It is approxi- 
mately represented by a small are of a circle, but if extended 
becomes rapidly deeper than a half circle. 


If, from a point within called the focus, lines are drawn to the 
curve and then other lines are drawn from these points parallel to 
_the axis, the angles of incidence will be equal to the angles of 

reflection as referred to tangents at the points where the lines 
touch the curve. — a 


Parabolic Reflector. A reflector for a light, a paraboloid or 


surface of revolution whose section isa parabola. A light placed 
at its focus has its rays reflected parallel to each other. 


Examples of parabolic reflectors are seen in electric search lights 
and in locomotive head-lights. They are employed in electric 
search lights. The are light must be of such construction as to 
maintain its ignited points always at the same point, the focus of 
the paraboloid. 


Paraffine. v. To coat or saturate with paraffine wax. Paper 
may be paraffined by dipping in the wax, or by being sprinkled 
with fragments of wax, subsequently melted in with a hot iron or 
otherwise. ‘The tops of battery carbons are often paraffined to 
prevent the acid from rising in the pores by capillary attraction and 
rusting the connections. 


Paraffine Wax. A hydro-carbon composed principally of mixtures 
of the higher members of the paraffine series Cn H,n-+2. Itis 
made from cannel coal, coal tar, or petroleum by distillation. It is 
an insulator. Its resistance at 46° C. (114.8° F.) per centimeter 
cube is 34,000 X 10” ohms, or about the highest resistance known. 
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ts specific inductive capacity (for milky wax) is 2.47 (Schiller). 
Bei tear wax it is given as follows by different authorities: 
1.92 Ayrton. 
1.96 Wullner. 
1.977 Gibson & Barclay. 
2.32 Baltzmann. 
It is extensively used in condensers and other electric apparatus 
as a dielectric and insulator. 


Paragreles. Protectors against hail; lightning rods used to 
guard fields against hail ; of little or no real utility. 


Parallax. The apparent change in position of an object when 
looked at from two points of view. By looking at an object a few 
feet distant first with one eye and then with the other, the shifting 
in apparent position is seen. 

In reading the position of an indicator or needle over a scale 
parallax introduces an error unless the eye is held vertically over 
the needle. By making the dial of looking-glass and holding the 
eye so that the reflection of its pupil is bisected by the needle this 
verticallity is ensured. ! 


Parallel. (z) Inthe nomenclature of electric circuits two or more 

conductors leading from one point to another, are said to be in 
parallel. : 

(6) Whentwo ormore conductors connect two main leads of com- — 
paratively large size and low resistance they are said to be in 
parallel or in multiple arc. This order is easiest pictured as the 
rungs of a ladder in parallel connecting its two sides representing 
the main leads. : | es 

It may be used as a noun as ‘‘arranged in parallel,” or as an 
adjective as ‘‘a parallel circuit,” the opposite of ser7es, q. V- 


Paramagnetic. adj. Possessing paramagnetic properties ; tend- 
ing to occupy a position with the longer axis. parallel to the lines 
of force of a magnetic field; having magnetism ; attracted by a 
magnet. : : : 

“Tf a homogeneous isotropic substance 1s placed in a magnetic 
field it becomes magnetized at every point in the direction of the 
magnetic intensity at that point, and with an intensity of magnet- 
ization proportional to the magnetic intensity. When the positive 
direction of the induced magnetization is the same as that of the 
magnetic intensity the substance is called Magnetic or Paramag. 
netic; when it is opposite, the substance 1s called Diamagnetic. 
(Emtage. ) oe ae 

A paramagnetic substance has high permeability or multiplying 
power for lines of force, hence in a magnetic field a bar of iron, 
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etc., is in unstable equilibrium unless its longer axis is parallei 


with the lines of force in order to reduce as much as possible the 
reluctance of the circuit. } 


Iron is the most paramagnetic of all substances. Other para- 
magnetic metals are: Nickel, cobalt, manganese, platinum, cerium, 
osmium, palladium. Diamagnetic metals are bismuth, antimony, 
zinc, tin, mercury, lead, silver, copper, gold, arsenic. Bismuth is 
the most diamagnetic of all metals. 

Of gases oxygen is most paramagnetic. Becquerel calculated that 
a cubic yard of oxygen condensed would act on a magnetic needle 
as powerfully as 5.5 grains of metalliciron. Liquefied oxygen will 
adhere to the poles of a magnet. , 


Changes of temperature and of other conditions may affect a 
body’s magnetism. Thus hot oxygen is diamagnetic, and a sub- 
stance paramagnetic in a vacuum may be diamagnetic in air. 


Of liquids, solutions of iron or cobalt are paramagnetic; water, 
blood, milk, alcohol, ether, oil of turpentine and most saline solu- 
tions are diamagnetic. 


Paramagnetism. (a) Thescienceorstudy of paramagnetic sub- 
stances and phenomena. 

(6) The magnetic property of a paramagnetic substance; that of 
_ being attracted by a magnet, and of arranging itself with itslonger 

axis parallel with the lines of force of a magnetic field. 


Parchmentizing. If cellulose is treated with a mixture of two 
parts of sulphuric acid and one part of water perfectly cold, it 
_ becomes like parchment. It should at once be washed with water, 
-and then with ammonia and water. The Swan incandescent light 


fibres are made of parchmentized cotton thread, which is afterward | 


catbonized. 


Partial Earth. A fault in a conductor caused by imperfect con- 
nection with the earth, where insulation from the earth is desired. 


Passive State. A state of a substance in virtue of which it is 
unattacked by a solvent which ordinarily would dissolve or attack 
‘it. Iron in strong nitric acid is unattacked or assumes the passive 
state. This particular case is supposed to be due to a coating of 
magnetic oxide, so that there would be properly speaking no 
question of a passive state, but only one of superficial protection. 


The existence of a true passive state of any substance is very 
doubtful. : . 


P. D. Abbreviation for potential difference or difference of 
potential, or for electro-motive force. 


Peltier Effect. The thermal effect produced by the passage of 
acurrent through the junction of two unlike conductors. Such 
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junction is generally the seat of thermo-electric effects, and a current 


is generally produced by heating such a junction. Ifan independ- 
a ueent ie passed in the ace direction as that of the thermo- 
electric current, it cools the junction, and warims it if passed in the 
other direction. In general terms, referring to thermo-electric 
couples, if passed through them it tends to cool the hot and heat 
the cool junction. The phenomenon does not occur in zinc-cop- 
per junctions. : : 


Peltier’s Cross. A bar of bismuth and a bar of antimony 
soldered centre to centre at right angles, being notched or halved 
there to receive or to set into each other. It is used to demon- 
strate the Peltier effect, q. v. Toone pair of ends are connected 
the terminals of a battery circuit; to the other pair-are connected 
the terminals of a galvanometer. 


‘The galvanometer by its deflections in one and then in the other 
direction indicates that the junction is heated when the current 
passes from antimony to bismuth and vice versa. It thus illus- 
trates the heating and cooling of a thermo-electric junction by a 
current of electricity. The current from the battery by the Peltier 
effect either heats or cools the junction, as the case may be. This 
heating or cooling them produces a thermo-electric current in the 
galvanometer circuit. The battery has no direct influence on the 
galvanometer. 


Pendant Cord. A double conductor or pair of conductors, 
insulated from each other and covered with a worsted, silk, or 
cotton covering and used to suspend incandescent lamps and atthe 
same time to conduct the current to them. It is also used for 
other similar service, such as acting as conductors for small motors. 
Often each conductor is composed of a number of thin wires laid 
together. This gives flexibility to the cord. 


Synonym—Flexible Cord. 3 


Pendulum, Electric. _(@) A pendulum operated by the inter- 
mittent action of an electro-magnet, whose circuit is opened and 
closed by the pendulum itself. A point at the lower end of the 
pendulum swinging through a globule of mercury may close and 
open the circuit. Various other methods of accomplishing the 
same end are employed. 3 


(6) A pith ball suspended by a thread from an insulating 
stand. It isused to show the attraction exercised by a piece of 
sealing wax or other substance excited by rubbing. 


Pen, Electric. A stylus for producing a series of perforations 
in paper, so that the paper may act as a stencil for the reproduc- 
tion of a great number of copies of the original matter. Various 
kinds of electric pens have been invented. One kind, invented by 
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Edison, consists of a handle carrying an electric motor actuating a 
needle, which is driven in and out of the other end of the handle 
with high rapidity. It is used by being held vertically on the paper 
with the needle end downward, and is moved so as to describe 
perforated letters or designs. The paper is then used as a stencil 
with an ink roller to reproduce the writing or design ad libitum. 


W 
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Fig. 256. ELectTric Pen, 
A simpler kind dispenses with the motor and depends on the per- 


forations produced by the electric spark. Asshown in the cut the | 


stylus is one terminal of an induction coil circuit. The support 
on which the paper rests is the other terminal and must be a con- 
ductor. In use the induction coil isstarted, and the stylus is moved 
over the paper; a series of sparks pass through the paper from 
stylus to the supporting tablet, perforating the paper and produc- 
ing a stencil to be used for reproduction. 


Pentane Standard, Harcourt’s. A standard of illuminating 
power; in it the combustible substance is a gas made by mixing 


one cubic foot of air with three cubic inches of liquid pentane, - 


measured at 60° F. or, if measured as gases, 20 volumes of air to 7 
of pentane. It is burned at the rate of 0.5 cubic foot per hour from 
a cylindrical tube one inch in diameter, closed atthe top by a disc 
0.5 inch thick with a hole 0.25 inch in diameter, through which 
the gas issues. It givesa flame 2% inches high. _ ; 


The pentane used is the distillate of petroleum which boils at 
50° C. (122° F.) ; it has a specific gravity at 15° C. (60° F.) of from 
0.628 to 0.631. Itis almost pure pentane (C; Hj). | , 
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! ion i .48 and 0.52 
: s the rate of consumption is between 0.40 | | 
ee rae BEE hour the flame gives practically the same light. 


i ic high speed teleg- 
forator. An apparatus used in automatic 
ie for perforating strips of paper. These are then ee PY 
cae between a roller and contact spring for making and bre 


saa al . eas 
ing the telegraphic circuit for the production of a record, such a 


Morse record, at the distant recelving station. 
ee he perforated strip has different classes of holes pens 
it to represent dots or dashes. It 1s fed By aoee ney fs y 

apidly, so that the message 1s transmitted with the hig : t sp oe 
Se yetsvoperstols may simultaneously prepare the paper s ae is 
thus in conjunction with its rapid feeding in the transmitter, 


i i i ission. 
surpass the time of ordinary direct transmission. 
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Fig. 257. PERFORATOR FOR WHEATST : 
Perforators may be entirely mechanical but are sometimes 


1 ir bei te them. The holes 
tic, compressed air being used to opera : 
pies tne are ae different levels of the paper strip, as shown in 


the cut. - 
Period. ‘The time required for the completion of one complete 
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element of periodic motion. This may bea complete alternation 
(See Alternation, Complete) of an alternating current, or of an 
oscillatory discharge. 


Periodicity. The rate of succession of alternations or of other 
fixed phases ; the rate of recurrence of phenomena. 


Permanency. In electric current conductors the property of 
possessing conductivity unaffected by lapse of time. Generally the 
permanency of conductors is very. high. In some cases a slow 

annealing takes place which causes a gradual change with the lapse 
of time. Annealed German silver wire has been found to increase 
in conductivity at about ;35 of 1 per cent. in a year. (Matthiessen. ) 
Wire, whether annealed or not, is left in a strained condition after 
the drawing operations, and such a change is consonant with this 
fact. ‘The figure only applies to the samples tested by Mathiessen. 


Permanent State. In a telegraph line or other current con- 
ductor, the condition when a uniform current strength obtains © 
over the whole line. When a current is started it advances through 
the line with a sort of wave front gradually increasing in strength. 
At the further end some time may elapse before it attains its full 
intensity. When its does the permanent state prevails. Until 
then the variable state, q. v., exists in the line. 


Permeameter. An apparatus for determining the permeability 
ofsamples of iron. It consists ofa large slotted block of iron. A 
coil is placed within the slot. A hole is 
drilled through one end, and a rod of 
the iron tobe tested is passed through 
Spring barance ~ this hole and through the coil to the 
bottom of the slot. The lower end of 
the rod must be accurately faced off. 
The current is turned on, upon which 
the rod adheres to the bottom of the 
slot. The force required to detach it 
is determined with a spring balance. 
ig bleh ‘The permeation through its face is pro- 
"portional to the square of the force re- 
cn Guired: 






Wires that III 
6ring the 
Electric current 


. Permeance. ‘The multiplying or the 
conducting power for magnetic lines of 
force possessed by a given mass of 
material. It varies with the shape and 
size of the substance as well as with 
Fig. 258. Permeameter. the inducing force. It is distinguished 

: from permeability, as the latter is a 
specific quality proper to the material, and expressed assuch ; the 
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ermeance is the permeability as affected by size and shape cf the 
object as well as by its material. | 


i : ics. It states that 
Pfluger’s Law. A law of electro-therapeutics. I _ th 
eaalation of a nerve is only produced by successive appearance — 
of the kathelectrotonic state, and disappearance of the anelectro- 

tonic state. 


i é issi ircuits obtained in 
Phantom Wires. The extra transmission circul 
multiplex telegraph systems. A single line arranged for four separ- 
ate simultaneous transmissions by quadruplex apparatus is said to 
establish three phantom wires. 


i illati i imple harmonic 
Phase. In wave motion, oscillating motion, simple 
motion, or similar periodic phenomena, the interval of time passed 
from the time the moving particle moved through the middle point 
of itscourse to the instant when the phase is to be stated. 


Pherope. An apparatus for the electric transmission of pictures. 
(See Zelephote.) : 


: neta ith its 
ilosopher’s Egg. An ellipsoidal vessel mounted with 
ie axis etic and with two vertical electrodes, the upper one 
sliding, and arranged tobe attached to an air pump. A discharge 
through it when the air is exhausted takes the general shape of 


an egg. 
isteri ibrations of 
Phonautograph. An apparatus for registering the vibra 
a stylus, ahich is mounted on a diaphragm and is acted on by 
sound waves. : ee ee 
is virtually a resonating chamber, over one of whose 
carenteen digphmagm is stretched. To the centre of the parchment 
a needle or stylus is attached. A cylinder covered with soot is 


rotated in contact with the point of the stylus. As the chamber. 


i ibra- 
i ken into the diaphragm and stylus vibrate and the vibr: 
foie ore marked on the cylinder. It is of some electric interest in 
connection with telephony. 


Phone. Colloquial abbreviation for telephone. 


i heel. A form of small motor of very simple con- 
seeeuue Me consists of a toothed wheel of soft iron. A bar 
electro-magnet is fixed with one pole facing the teeth of the wheel. 
By atuning fork make and break a succession of impulses of rapid 
frequency and short duration are sent through the magnet. ‘hie 
teeth act as armatures and are successively attracted by: the magnet. 
The regulated speed is one tooth for each impulse, but it may rotate 
at one-half the speed, giving two teeth for each impulse, or at cer- 
tain other sub-multiples of its regular speed. It is the invention of 
Paul Lecour. 
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Phonograph. An apparatus for reproducing articulate speech. 
It is not electric, except as it may be driven by electricity. 

Itconsists of a cylinder of wax-like material which is rotated and 
moved slowly, longitudinally, screw fashion, at an even speed. A 


glass diaphragm carrying a needle point is supported with the 


point barely touching the wax. If the diaphragm is agitated, as 
by being spoken against, the needle is driven back and forwards 
cutting a broken line or groove following the direction of the 
thread of a screw in the wax, the depth of which line or groove 
continually varies. 


This imprints the message. If the needle is set back and the 
cylinder is rotated so as to carry the needle point over the line 
thus impressed, the varying depth throws the needle and diaphragm 
into motion and the sound is reproduced. | 

The cylinder is rotated often by an electric motor, with a cen- 
trifugal governor. 


Phonozenograph. An apparatus for indicating the direction of 
the point where a sound is produced. It operates by a microphone 
and telephone in conjunction with a Wheatstone bridge to determine 
the locality. 


Phosphorescence. The emission of light rays by a substance not 
heated, but whose luminosity is due to the persistence of luminous 
vibration after light has fallen upon it. 


A phosphorescent body, after exposure to light, is luminous 
itself. Phosphorescence may be induced by rubbing or friction, by 
heat, by molecular bombardment, asin Crookes’ tubes, and by static 
discharge of electricity, as well as by simple exposure to light. 


Another form of phosphoresence may be due to slow chemical 
combustion. ‘This is the cause of the luminosity of phosphorous. 


Phosphorous, Electrical Reduction of. Phosphorous is reduced 
from bone phosphate by the heat of the electric arc. The phos- 
phate mixed with charcoal is exposed to the heat of the voltaic arc, 
and reduction of the phosphorous with its volatilization at once 
ensues. The phosphorous as it volatilizes is condensed and 
collected. 


Photo-electricity. The development of electrical properties by 
exposure to light. Crystals of fluor spar are electrified not only 
by heat (see Pyro-electricity) but also by exposure to sunlight or 
to the light of the voltaic arc. 


Photo-electric Microscope. A projection, solar or magic 
lantern microscope worked by the electric light. | 


_ Photo-electro-motive Force. Electro-motive force produced 
in a substance by the action of light. 
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| Photometer. An apparatus for measuring the intensity of light 


emitted by a giveu lamp or other source of illuminating power. 


They may be classified into several types. 
Calorimetric or Heat Photometers act by measuring relatively 

the heat produced by the ether waves (so-called radiant heat) 

emitted by the source. Theaccuracy of the instrument is increased 


by passing the rays through an alum solution. A thermopile, or 


an air thermometer, may be used to receive the rays. 

Chemical Photometers. In these the light falls upon sensitized 
photographic paper. The depth of coloration 1s used as the index 
of illuminating power. 3 7 

Direct Visual Photometers. These include Rumford’s Shadow 
Photometer, Bunsen’s Bar Photometer, and Wheatstone’s Bead 
Photometer, in which the light is estimated by direct visual com- 
parison of its effects. oe 

Optical Photometers. These include Polarizaiton Photometers, 
in which the light is polarized; Dispersion Photometers, in which 
a diverging lens is placed in the path of the rays of light so as to 
reduce the illuminating power 1n more rapid ratio than that of the 
square of the distance. | 

Selenium Photometers, in which the variations in resistance of 
selenium as light of varying intensity falls upon it 1s used as the 
indicator of the intensity of the light. : 

Jet Photometers, for gas only, in which the height of a flame 


“under given conditions, or the conditions requisite to maintain a 


flame of given height, is used to indicate the illuminating power. 

The subject of photometers has acquired more importance than 
ever in view of the extensive introduction of the electric light. 
(See Candle, Standard—Carcel—Vio0lé’s Standard—and Photom- 
eters of various kinds.) oe eS 

Photometer, Actinic. A photometer whose registrations are 
produced by the action of the light being tested upon sensitized 
paper or plates, such as used in photography. Some efforts at self- 
registering photometers have been based on actinic registration of 
the height of a flame of the gas to be tested. : 

Photometer, Bar. A photometer in which the two lights to be 
compared are fixed at or opposite to the ends of a bar or scale of 
known length, generally 60 or 100 inches. The bar is divided by 
the rule of the inverse square of the distances, so that if a screen is 
placed on any part of the bar where it receives an equal amount of 
light from both sources, the figure on the bar will indicate the rela- 
tive illuminating power of the larger lamp or light in terms of the 
smaller. The divisions of the bar are laid out on the principle that 
the illuminating power of the two sources of light will vary inversely 
with the square of their distance from the screen. 
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i 23 (2 (e— 
: De Fc er of lamps: ditto of standard candle:: ( 
The screen used is sometimes the Bunsen disc. This isadisc » Illuminating pow Pp 


a 2 2 
of paper with a spot of paraffine wax in the centre melted thoroughly § ase) ey) 
into the paper or witha ring of paraffine wax surrounding the ; ! 
untouched centre. When this disc is equally illuminated on both 
sides the spot is nearly invisible. Inequality of illumination | 
brings it out more visibly. Sometimes a Leeson disc is used. This 
consists of three pieces of paper, two thin ones between which a 
thicker piece, out of which a star is cut, islaid. When equally illu- 
minated on both sides the star appears equally bright on both sides, 

The bar photometer is the stardard form. A candle or pair of can- 
dles may be burned at one end and an incandescent lamp at the 
other, or a gas flame may first be rated by candles and used as a 
standard. 


Synonyms—Bunsen’s Photometer—Translucent Disc Photometer. 
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DIAGRAM OF PRINCIPLE OF THE DISPERSION PHOTOMETER. 


w of Ayrton’s Dis- 
L the concave lens, 


Fig. 260. 


ig. i tive vie 
The cut, Fig. 261, gives a perspect 
persion PL oie Cis the standard candle, 








Fig. 259. Bar PHOTOMETER. ig 


Photometer, Calorimetric. A photometer in which the radiant _ 
energy, so called radiant heat, is used as the measurer of the light. | 


In one type a differential air thermometer is used, one of whose 
bulbs is blackened. On exposing this bulb to a source of light it 
will become heated, and if lights of the same character are used 
the heating will be in proportion to their illuminating power quite 
closely. The heating is shown by the movements of the index. 
By careful calibration the instrument may be made quite reliable. 


_Photometer, Dispersion. A photometer in which the rays from 
one of the lights under comparison are made more divergent by a 
concave lens. In this way a strong light, such asan arc lamp can be 
photometered more readily than where only the natural divergence 
ofthe beam exists. The law of the variation of the intensity of “eel 
light with the square of the distance is abrogated for a law of more 
rapid variation by the use of a concave lens. 


| 
| 
The diagram, Fig. 260, illustrates the principle. Z represents a' | Th 
powerful light, an arc light, to be tested. Its distance from the ! R the rod for producing the two shadows on the screen S. e 
U 
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Fig. 261. Ayrton’s DispERSION PHOTOMETER. 


SET IE 


SRS Ue ene 


screen is ¢. Its light goes through the concave lens Z and is dis- mirror // is fixed at an angle of 45° with the stem on wae it 

petsed as shown over an area 4!, instead of the much smaller area rotates. ‘The light of the arclamp is received by the mirror an ee 

A, which the same rays would otherwise cover. Calling Z the dis- i reflected through the lens. The candle holder slides along a ee ; 
= tance of the lens from.the screen, / its focus, and c the distance of: | uated bar G, and at V isan index plate to show the angle at whic 

the standard candle from the screen when the shadows are of equal | the spindle carrying the mirror is set. 

intensity, we have the proportion. 
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Dr. J. Hopkinson in his dispersion photometer uses a double cont 
ase ae This as a eee image of the arc-lamp between the 
ens and screen, whence the rays diverge very rapidl iving 
the desired dispersion effect. - : tes z pe eee 
eae is principally for arc lamps that dispersion photometers are’ 


Photometer, Shadow. A photometer in which the relative 



































































































































































































































Fig. 262. Rumrorp’s SHADOW PHOTOMETER. 


intensity of the two lights is estimated b i : . 
: L y the intensity or st 
of shadows of the same object which they reopen cast. des 











STANDARD ELECTRICAL DICTIONARY. * 4I5 


of white paper. The two lights to be compared are arranged in 
front of the rod and at a little distance from each other. They 
are shifted about until the two shadows appear of equal darkness. 
The relative intensity of the lights varies inversely with the square 
of their distances from the shadows cast respectively by them on 
the screen. = 

The cut, Fig. 262, shows the simplest type of the shadow photo- 
meter. In the cut, Fig. 263, a shadow photometer for testing 
incandescent lamps is shown. In it # is the lamp under trial sup-_ 
potted bya clamp H. A is an ampere meter in circuit with the 
lamp, and Vis a voltmeter. A candle C can be moved along a 
graduated scale GG. is the vertical rod, and .S is the screen on 
which the shadows fall. 


Photophore. An instrument for medical examination of the 
cavities of the body. It includes an incandescent lamp mounted 
in a tube with aconcave mirror and convex lens. 


Photo-voltaic Effect. The change in resistance of some sub- 
stances effected by light. Selenium, of all substances, is most 
susceptible to this effect. (See Selenium.) ag 


Piano, Electric. A piano whose manual or key-board operates 
to close electric circuits, whereby electro-magnets are caused to 
operate to drive the hammers against the strings. 


Pickle. An acid solution for cleaning metal surfaces before 
electro-plating, galvanizing or other deposition of metal upon 
them. | 


Picture, Electric. A picture produced by passing a strong dis- 
charge through a piece of gold leaf clamped or firmly pressed upon 
a sheet of paper. The gold leaf is cut out of the desired shape, or 
else a stencil of paper overlays it. The discharge dissipates. the 
gold, and produces a purple colored reproduction of the design 
upon the paper. The design is due to the deposition of an exceed- 
ingly thin film of metallic gold. _ | 

Synonym—Hlectric Portrait. 


- Pile. - A galvanic or voltaic battery. It is sometimes restricted 
to a number of voltaic couples connected. It should be only 
applied to batteries with superimposed plates and no containing 
vessel such as the Dry Pile, q. v., or Volia’s Pile, q. v. | 


Pilot Transformer. In alternating current distribution a 
small transformer placed at any part of thesystem and connected 
to a voltmeter in the central station, to indicate the potential 
difference of the leads. : 


Pilot Wires. Wires brought from distant parts of electric light 
or power mains, and leading to voltmeters at the central station, so 
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that the potential of distant parts of the system can be watched. 


The wi | 1 
ee Ms can be very small, as they have but little current to 


Pistol, Electric. An experimental apparatus for exhibiting the 


power of electric incandescence or of the electric spark. A tube > 


is mounted with a handle like a pistol. A plug i i 

anted. and ai is provided 
screw in and out of its side. The plug carries oy Bes eee 
on its inner side by a fine platinum wire, or else disconnected but 





Fig. 264. Exvecrric Piston, 


with their ends brought near together to act as terminals for 

production ofa spark. ‘To use it the tube is filled with a ae 
of air and gas, the latter either hydrogen, hydro-carbon or other 
combustible gas. The tube when full is corked. The wire is 
heated to incandescence by a current, or a spark is passed from a 
Leyden jar or other source of electrostatic excitation. The mix- 


pee properly properoued, explodes and expels the cork vio- 


Pith. A light and soft cellular tissue formin 
the central core of 
exogenoustreesand plants. Intheolder parts ofthe tree the weole 
tissue often encroaches in and partly obliterates it. 


For electrical pith-balls, the pith of th 
of all, Gf sun Hower stems te ee p oO e elder, of corn, or, best 


Pith-balls. Ball made of pith. The i 

; y are used in the construc- 
ae electroscopes and for other experiments in static electricigy, 
_ Hey are cut out with a sharp knife and their shape may b 
improved by gentle rolling in the hand or between the hpeie. ; 


Pivot Suspension. Suspension poisi i 

on. pe! poising or supporting of an 
object on a sharp pivot. This is used for the deadienn die ceding? 
compass. A cavity or inverted cup, which may be made of agate, 
is attached to the middle of the needle which has a hole for its 
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reception. The centre of gravity of the needle comes below the 
bottom of the cup. 

Pivot suspension is not perfect, as it has considerable friction. 
There is no restitution force, as with torsion filaments. 


Plant. The apparatus for commercial manufacturing or technical 
works. An electric lighting plant includes the boilers, engines 
and dynamos for producing the current, and the electric mains and 
subsidiary apparatus. 


Plant Electricity. Electricity manifested by plant life. By 
means of a galvanometer potential differences are found to exist 
in different parts of trees or fruits. The roots and interior portions 
are negative, and the flowers, smaller branches and fruit are 
positive. : 

In some cases a contraction of the tissue of plants can be pro- 
duced by an electric current. The sensitive plant and others 
exhibit this phenomenon, exactly analogous to the action of mus- 
cular tissue. 


Plate, Arrester. In a lightning arrester the plate connected to 
the circuit. . Sometimes both plates are designated arrester plates. 


Plate Condenser. A static condenser having a flat plate of glass 
for dielectric. (See Hpinus’ Condenser.) 


Plate Electrical Machine. A frictional electric machine, in 


which a circular plate of glass is excited by friction with the 


cushions. Itis the most recent type of frictional machine and has 
superseded the old cylinder machines. In its turn it is superseded 
by influence machines, really plate machines, but not so termed 
in practice. : 


Plate, Ground. In a lightning arrester, the plate connected to 
the earth. 


Plate, Negative. Inavoltaic battery, either primary orsecondary, 
the plate which is unattacked by the oxygen or negative radical or 
element of the fluid. It corresponds to the carbon plate in the 
ordinary voltaic battery, and is the one charged with positive 
electricity. 


Plate, Positive. In a voltaic battery, either primary or secondary 
the plate which is dissolved or attacked by the oxygen or negative 
radical or element of the fluid. Itis the plate corresponding to 
the zinc plate in the ordinary voltaic battery, and is the one 
charged with negative electricity. 


Plating Balance. A balance or scales to which articles in an 
electroplater’s bath are suspended. A weight exceeding by a 
known amount that of the article as immersed overbalances the 
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article. When the plating is being deposited as soon as it exceeds 


the excess of weight of the counterpoise the balance tips, the article © 


descends a little, the electric circuit is broken and the plating 
ceases. Thus the platingis automatically stopped when a prede- 
termined amount of metal is deposited. 


Plating Bath. A vessel of solution for the deposition of metal 
by electrolysis as used in electro-plating. q 


Plating, Electro-. ‘The deposition of metal by electrolysis 36 


as to coat the conducting surface of objects therewith. The full 
details of the many processes are very lengthy and cannot be given 
here. 


The general principle includes a battery or source of electric 
current. ‘The object to be plated is connected to the negative ter- 
minal and is immersed in the solution. Thus with a battery the 
object is in electrical connection with the zinc plate. To the othey 
terminal a metallic plate is connected. The object and the plate 
termed the anode being introduced into a suitable bath, the metal 
whose solution is in the bath is deposited upon the SHEE of the 
object. : - 


The bath is a solution of the metal in some form that will lend 
itself to the electrolytic action. The anode is often a plate of the 
metal of the bath, so that it dissolves as fast as metal is deposited on 
the object, thus keeping up the strength of the solution. aoe 

The objects to be plated must be scrupulously clean, and great 
care must be taken to keep the bath uncontaminated. 

When the object has a non-conducting surface, it is made con- 
ducting by being brushed over with plumbago. In addition iron 
dust is sometimes dusted over it. This acts by precipitating the 


metal of the bath directly and thus giving a conducting basis for ve 


the metal to deposit on. To avoid gettingiron in a bath the object 
may be dipped in copper sulphate solution. This precipitates cop- 


per in place of the iron and leaves the article in good shape for 


silver or other plating. ' 


Electro-plating, if made thick enough, gives a reverse of the: 
article when separated therefrom. A direct copy can be got by a . 
second plating, on the first plating after separation, or a wax im- " 


pression can be employed. 


Under the different metals, formule for the baths will be found. 3 


(See also Quicking—Steeling—Flating Balance.) 


Platinoid. An alloy of copper, nickel, zinc in the proportions | 
of German silver with 1 or 2 per cent of tungsten. It is used ~ 
for resistances. It has a specific resistance (or resistance per . 


centimeter cube) of about 34 microhms. Its percentage variation 


in resistance per degree C. (1.8° F.) is only about .o2I per cent., — 
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or less than half that of German silver. This is its most valuable 
feature. 


Platinum. A metal; one of the elements; symbol, Pt; atomic 
weight, 197.4; equivalent, 49.35; valency, 4; specific gravity, 21.5. 
It is a conductor of electricity. The following data refer to the 
annealed metal at 0° C. (32° F.) 


Relative Resistance (Silver annealed = 1), 6.022 

Specific Resistance, 9.057 microhms. 
Resistance ofa wire, 

(a) 1 foot long, weighing I grain, 2.779 ohms. 
(6) 1 foot long, 1-1000 inch thick, 54.49 ae 
(c) 1 meter long, weighing I gram, 1.939": 
(d) « meter long, 1 millimeter thick, LIS 3a" 
Resistance of a I inch cube, 73.505 mich. 


Electro-chemical equivalent (Hydrogen=.oI05), 5181. 


The coefficient of expansion by heat is almost the same as that 
of glass. Itcan be passed through holes in glass and the latter 
can be melted about it so as to hermetically seal its place of passage 
through the glass. It is used in incandescent lamps for leading-in 
wires and other similar uses. 


Platinum Black. Finely divided platinum. Itis made by boil- 
ing a solution of platinic chloride with excess of sodium carbonate 
and a quantity of sugar, until the precipitate is perfectly black and 
the supernatant liquid is colorless. It seems to possess a great 
power of occluding oxygen gas. When heated to redness it becomes 
spongy platinum. The negative plates of a Smee battery are coated 
with platinum black. 


Platinum-silver Alloy. An alloy of 1 part platinum and 2 
parts silver, used for resistance coils. 


Relative Resistance (silver annealed =1), 16.21 
Specific Resistance ato° C. (32° F.), 24.39 mich. 
Resistance of a wire, | 
(a) 1 foot long, weighing I grain, 4.197 ohms. 
(6) 1 footlong, 1-1000 inch diameter, + 146.70 «« 
(c) 1meter long weighing Igram, DOO a6 

. (d) 1 meter long, 1 millimeter diameter, @53 106: .°* 
Resistance of a I inch cube, 9.603 microhims. 


Percentage Variation per degree C.(1.8° F.) at about 20° C. 


_ (68° F.), 0.031 per cent. 


Synonym—Platinum Alloy. 


Platinum Sponge. Finely divided platinum obtained by ignit- 
ing platinum black, q. v., and also by igniting salts of platinum. 
It has considerable power of condensing or occluding oxygen. It 
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will, if in good condition, set fire to a jet of hydtogen impinging 
upon it. 

Plow. Contact arms projecting downwards from the motors, 
trucks, or bodies of electric street cars, which enter the under- 
ground conduit through the slot and carry contact pieces or 
brushes, to take the current for driving the motors from the leads 
within the conduit. : 


Plucker Tubes. A special form of Geissler tube designed for 
the production of stratification and for observing the effects pro- 
duced in the space surrounding the negative electrode. 


Plug. (a) A piece of metal with a handle and a somewhat tapered 
s end, used to make connections by 
: insertions between two plates or 
‘TM blocks of metal slightly separated 
1) and with grooves to receive it. 
it (6) A plug or wedge with two 
aie [ Dp metallic faces, insulated from each 
mat other with a separate wire con- 
— nected to each one. It is used in 
spring-jacks q.v., to introduce a 
| loop ina circuit. 
at Synonym—W edge. 








: 









a 


=, 


Plug. v. Toconnect by inserting 
ve plug, as in a resistance box. 


Fig. 26s. Piucs ror RESISTANCE Plug, Double. A sprin g-jack 
Cort Box. plug or wedge with two pairs of in- 
sulated faces, one behind the other, 

so as to simultaneously introduce two loops into a circuit. 





Plug, Grid. A piece or mass of lead oxide, inserted into the 
holes in the lead plates of storage batteries. The holes are often 
dovetailed or of uneven section to better retain the plugs. 


Plug Infinity. In a box-bridge or resistance box, a plug 
whose removal from between two disconnected ~ 


discs opens the circuit. All the other discs are 

connected by resistance coils of various resist- 
S 

ance. 


Plug Switch. A switch composed of two 
contact blocks, not touching each other and 
brought into electrical connection by the inser- 





Fig. 266. P & : ; : 
2 Gained, tion ofa metallic plug. The latter is usually 


? : provided with an insulating handle, and a seat 
is reamed out for it in the two faces of the contact blocks. 





weight. Use cold. 


- sides of the armature into the brushes. gma = 
(5) In electro-therapeutics, a place = Jie. 
in the intra-polar region of a nerve so C= Wes 
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Plumbago. Soft lustrous graphite, a native form of carbon ; 
sometimes chemically purified. It is used in electro-plating to 
give a conducting surface to non-conducting objects, such as wax 
moulds. The surface, after coating with plumbago, is sometimes 
dusted over with iron dust, which pre- 
cipitates the metal of the bath and 
starts the plating. It is sometimes = 
plated with copper, silver or gold, and 
is then termed coppered, silvered, or 
gilt plumbago. It is gilded by moisten-. 
ing with etherial solution of gold 
chloride and exposing to the air, and 
drying and igniting. 


Plunger. A movable core which is 
used in connection with a so-called 





solenoid coil, to be drawn in when the 


coilisexcited. (See Coil and Plunger.) 
P. O. Abbreviation for Post Office, 








Bae Mil 

- Poggendorf’s Solution. An acid Oy 
depolarizing and exciting fluidforzinc- ‘at 
carbon batteries. The following is its. | illic 


formula: Water, Ioo parts; potassium 
bichromate, 12 parts; concentrated 
sulphuric acid, 25 parts. All parts by 





Point, Neutral. (a) Ona commutes 
tator of a dynamo the points at the 
ends of the diameter of commutation, 
or where the brushes rest upon the 
surface of the commutator, are termed 
neutral points. At these points there 
is no generation of potential, they 
marking the union of currents of op- 
posite direction flowing from the two 
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situated with reference to the kathode ae = up, 

and electrode as applied in treatment, 

that its condition is unaffected. 
Synonym—tindifferent Point. 


(c) In a magnet the point ot no attraction, situated between 


Fig. 267. Coit AnD PLUNGER 
WITH SCALES TO SHOW 
ATTRACTION. 
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the two poles, at about an equal distance from each, so as to mark 
the centre of a magnet of even distribution of polarity. 


(d) In thermo-electricity the point of temperature where the 
thermo-electric powers of two metals are zero; inadiagram the 
point where the lines representing their thermo-electric relations 
cross each other; if the metals are arranged in a thermo-electric 
couple, one end at a temperature a given amount above, the 
other at a temperature the same amount below the neutral point, 
no current or potential difference will be produced. 


Point, Null. A nodal point in electrical resonators; a point 
where in asystem of waves or oscillations, there is rest, the zero of 
motion being the resultant of oppositely directed and equal 


forces. In electrical resonators it is to be sought for in a point . 


symmetrically situated, with reference to the spark gap, or in a 
pair of points, which pair is symmetrically placed. 

The null point in resonators is found by connecting a lead from 
one of the secondary terminals of an induction. coil to different 
parts ofthe resonator. The null point is one where the connection 
- does not give rise to any sparks between the micrometer knobs or 
spark gap, or where the sparks are of diminished size. > 

The whole is exactly comparable to loops and nodesin a vibrating 
string or in a Chladni plate as described in treatises on sound and 
acoustics. (See Resonance, Electrical—Resonator, Electrical.) 


Synonym—Nodal Point. 


Point Poles. Magnet poles that are virtually points, or'of no 
magnitude. A long thin magnet with little leakage except close 
to the ends may be supposed to have point poles within itself a 
short distance back from the ends. 


Points, Consequent. In a magnet with consequent poles, the 
points where such poles are situated. 


Points, Corresponding. In bound electrostatic charges the 
points of equal charges of opposite potentials ; the points at oppo- 
site extremities of electrostatic lines of force. This definition 
implies that the bound charges shall be on equal facing areas of 


conductors, as otherwise the spread or concentration of the lines of - 


force would necessitate the use of areas of size proportionate to the 
spreading or concentrating of the lines of force. At the same time 
it may figuratively be applied to these cases, the penetration of the 
surface by asingle line of force including the area fixed by its 
relation to the surrounding lines. 


Points, Isoelectric. In electro-therapeutics, points of equal 
potential in a circuit. 
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Points of Derivation. The point where a single conductor 
branches into two or more conductors, operating or acting in 


parallel with each other. 


Polar Angle. ‘The angle subtended by one of the faces of the 
pole pieces of the field-magnet ofadynamo or motor. The centre 
of the circle of the angle lies in the axis of the armature. 


Synonym—Aungle of Polar Span. . 
Polar Extension. An addition made of iron to the poles of 


magnets. Various forms have been experimented with. The pole 


pieces of dynamo field magnets are polar extensions. 
Synonyms—Pole Piece—Polar Tips. 
Polarity, Diamagnetic. The induced polarity of diamagnetic 


substances ; it is the reverse of paramagnetic polarity, or of the 
polarity of iron. A bar of diamagnetic material held parallel with 


the lines of force in a magnetic field has a like pole induced in the 


end nearest a given pole of the field magnet, and vice versa. This 
‘theory accounts for the repulsion by a magnet of a diamagnetic 
substance. ‘The existence of this polarity 1s rather an assumption. 


It originated with Faraday. 


¢ 

Polarity, Paramagnetic. The induced polarity of paramag- 
netic substances, such as iron, nickel, or cobalt. 

When such a substance is brought into a magnetic field the part 
nearest a specific pole of a magnet acquires polarity opposite to 
that of such pole and is thereby attracted. ye 

Another way of expressing it, in which the existence of a pole 
in or near to the field is not implied, is founded on the conventional 
direction of lines of force. Where these enter the substance a 
south pole is formed and where they emerge a north poleis formed. 

Such polarity tends always to be established in the direction of 
greatest length, if the body is free to rotate. 


Polarization. (a) The depriving of a voltaic cell of its propet 
electro-motive force. Polarization may be due to various causes. 
The solution may become exhausted, as in aSmee battery, when 
the acid is saturated with zinc and thus a species of polarization 
follows. But the best definition of polarization restricts it to the 
development of counter-electro-motive force in the battery by the 
accumulation of hydrogen on the negative (carbon or copper) plate. 
To overcome this difficulty many methods are employed. Oxidiz- 
ing solutions or solids are used, such as solution of chromic acid 
or powdered manganese dioxide, as in the Bunsen and Leclanche 
batteries respectively ; a roughened surface of platinum black 1s 
used, asin the Smee battery ; air is blown through the solution to 
carry off the hydrogen, or the plates themselves are moved about 


jn the solution. 
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_ (6) Imparting magnetization to a bar of iron or steel, thus mak- 
ing a permanent magnet, is the polarization of the steel of which 
it is made. Polarization may be permanent, as in steel, or only 
temporary, as in soft iron. 


(c) The strain upon a dielectric when it separates two oppositely 
charged surfaces. The secondary discharge of a Leyden jar, and 
its alteration in volume testify to the strain put upon it by charging. 


(dq) The alteration of arrangement of the molecules of an. elec- 
trolyte by a decomposing current. All the molecules are supposed 
to be arranged with like ends pointing in the same direction, posi- 
tive ends facing the positively-charged plate and negative ends 
the negatively-charged one. 


(é) The production of counter-electro-motive force in a secondary 


battery, or in any combination capable of acting as the seat,of 


such counter-electro-motive force. (See Battery, Secondary—Bat- 
tery, Gas.) Thesame can be found often in organized cellular tissue 
such as that of muscles, nerves, or of plants. Ifa current is passed 
through this in one direction, it often establishes a polarization or 
potential difference that is susceptible of giving a return current 
in the opposite direction when the charging battery is replaced by 
a conductor. 


_ Polarization Capacity. A voltaic cell in use becomes polarized 
by its negative plate accumulating hydrogen, or other cause. This 
gradually gives the plate a positive value, or goes to set upa counter- 
electro-motive force. The quantity of electricity required to produce 
the polarization. of a battery is termed its Polarization Capacity 
or Capacity of Polarization. 


Polarization of the Medium. Thedielectric polarization, q. v. 
of a dielectric, implying the arrangement of its molecules in chains 
or filaments; aterm dueto Faraday. He illustrated it by placing 
filaments of silk in spirits of turpentine, and introduced into the 
liquid two conductors. On electrifying one and grounding (or 
connecting to earth) the other one, the silk filaments arranged 


themselves in a chain or string connecting the points of the con-— 


ductors. 


Polar Region. ‘That part of the surface of a magnet whence the . 


internal magnetic lines emerge into the air. (S. P. Thompson.) As 

-such lines may emerge from virtually all parts of its surface, the 
polar regions are indefinite areas, and are properly restricted to the 
parts whence the lines emerge in greatest quantity. 


Polar Span. A proportion of the circle which represents the 
transverse section of the armature space between the pole pieces of 
the field magnet in a dynamo or motor; it is the proportion 
which is filled by the faces of the pole pieces. 
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Pole, Analogous. ‘The end of a crystal of a pyroelectric sub- 
stance, such as tourmaline, which end when heated become posi- 
tively electrified. On reduction of temperature the reverse effect 
obtains. | 

Pole, Antilogous. ‘The end of a crystal of a pyroelectric sub- 
stance, such as tourmaline, which end, while increasing in temper- 
ature, becomes negatively electrified. During reduction of its 
temperature the reverse effect obtains. 

Pole‘ Changer. (a) An automatic oscillating or vibrating switch 
or contact-breaker which in each movement reverses the direction 
of a current from a battery or other source of current of fixed 
direction, as such current goes through a conductor. 


(6) Aswitch moved by hand which for each movement effects 
the above result. 


Pole, Negative. (a) Inamagnet the south pole; the pole into 
which the lines of force are assumed to enter from the air or outer 
circuit. 

(6) In a current generator the pole or terminal into which the 
cutrent is assumed to flow from the external circuit. It is the 
negatively charged terminal and in the ordinary voltaic battery is 
the terminal connected to the zinc or positive plate. 


Pole Pieces. The terminations of the cores of field or other 
electro-magnets, or of permanent magnets. These terminations 
are variously shaped, sometimes being quite large compared to 
the core proper of the magnet. 

They are calculated so as to produce a proper distribution of and 
direction of the lines of force from pole to pole. Asa general rule 
the active field should be of uniform strength and the pole pieces 
may be of contour calculated to attain this end. 


Pole, Positive. (a) In a magnet the north pole; the pole from 
which lines of force are assumed to emerge into the air. 


(6) In a current generator the pole or terminal whence the cur- 
rent is assumed to issue into the outer circuit. It is the positively 
charged terminal, and in the ordinary voltaicbattery is the terminal 
connected to the copper or carbon plate, termed the negative plate. 


Poles. (a) The terminals of an open electric circuit, at which 
there necessarily exists a potential difference, produced by the gen- 
erator or source of electro-motive force in the circuit. 

(5) The terminals of an open magnetic circuit; the ends of a 
magnetized mass of steel, iron or other paramagnetic substance. 

(c) The ends in general of any body or mass which show electric 
or magnetic properties more developed than those of the central 
sections of the body. 
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Pole, Salient. In dynamo ‘and motor field magnets, salient 
poles are those projecting from the base or main body of the field 


ee 
i: 
4 





Fig. 268, SatientT Pores or Fietp Macnet. 


magnet, as distinguished from consequent pol 
wound on the main body itself. 4 potee foamed by cous 


Poles, Compensating. A device for avoiding the cross-mag- 
netizing effect on the commutator core due to the lead of the 
brushes. It consists in maintaining a small bar electro-magnet 


perpendicularly between the pole pieces. This compensates the | 


cross-magnetizing effect. 


peo oh [ntenslby: ale locus of highest magnetic force on the 
s surface. One such pole is in Siberi 1 
See lene oo p Si eria, another is about lat. 


Poles of Verticity. The magneti l 
Magnetic Poles.) * agnetic poles of the earth. (See 


Pole Tips. ‘The extreme ends of the expanded poles of a field - 


magnet. In some machines some of the pole tips are made of cai 

. ° ° . ast 
iron, to alter the distribution of the lines of force and resulting 
magnetic pull upon the armatures. ‘This is done to take off the 
weight of the armature from its bearings. 


Pole, Traveling. A term applied to the i 

, : poles produced in th 
action of a rotatory field, whose poles constantly inte around fe 
circle of the field. (See Field, Rotatory.) 


Porous Cup. A cup of pipe clay, unglazed earthenware or 
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other equivalent material used in voltaic cells to keep two liquids 
separate and yet to permit electrolysis and electrolytic conduction. 


They are necessarily only an expedient, as their porous nature 
permits considerable diffusion, and were they not porous electro- 
lytic action would be impossible. 


Synonym—Porous Cell. 


-Porret’s Phenomenon. In electro-physiology, an increase in 
the diameter of a nerve produced by the positive pole of a voltaic 


circuit, when placed in contact with the tissue and near to the 


nerve in question, the other pole being connected to a more or less 
remote part of the body. . 


Portelectric Railroad. A railroad worked by solenoidai attrac- 


- tion, the car forming the core of the solenoids. It includes a series 


of solenoids or hollow coils of copper wire distributed all along the 
road and inclosing within themselves the track. On thisa cylin- 
drical car with pointed ends moves on wheels. Current is supplied 
to the solenoid in advance of the car, andattractsit. Asit advances 
it breaks the contacts of the attracting solenoid and turns the cur- 
rent into the one next in advance. This operation is repeated as 
the car advances. : 


- The solenoids are placed close together, each including in the 
trial track 630 turns of No. 14 copper wire. The car was of wrought 
iron, 12 feet long, 10 inches in diameter and weighing 500 lbs. It 
was proposed to employ the system for transportation of mail 


matter and similar uses. Syzonym—Tachyphore. 


Position Finder. An instrument for determining the position 
of objects which are to be fired at from forts. It is designed for 
use from forts situated on the water. 


Fiske’s position finder may be thus generally described. Ona ~ 
chart the channel is divided into squares, and. the position finder 
determines the square in which a vessel lies. For each square the 
direction and elevation of the guns is calculated beforehand. The 
enemy can therefore be continuously located and fired at, although 
from smoke or other cause the object may be quite invisible to the 
gunner. 


It comprises two telescopes situated at distant extremities of as 


‘long a base line asis obtainable. Thesetelescopes are kept directed 


upon the object by two observers simultaneously. The observers 
are in constant telephonic communication. As each telescope 


moves, it carries a contact over an arc of conducting material. 


Below each telescope is an arm also moving over an arc of con- 
ducting material. These arcs enter into a Wheatstone bridge and 
are so connected that when the arm and the distant telescope are 
at the same angle or parallel a balance is obtained. Thus each 
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observer has the power of establishing a balance. A chart is pro- 
vided for each of them, and over it the arm connected with the 
distant telescope and an arm or indicator attached to the telescope 
at that station move so that as long as both telescopes point at the 


object and each observer maintains the electric balance, the inter- 


section of the arms shows the position on the chart. | 


The Position Finder is a simplification and amplification of th 
Range Finder, q. v. In practice the observers may be placed far 
from the forts, and may telephone their observations thereto. It 
has been found accurate within one-third of one per cent. © 3 


Positive Direction. ‘The direction which lines of force are’ 


assumed to take in the air or outer circuit from a positive to a 


negative region. It applies to electrostatic, to magnetic and to 
electro-magnetic lines of force. ' 


Positive Electricity. The kind of electricity with which a 
piece of glass is charged when rubbed with silk ; vitreous electricity. 

In a galvanic cell the surface of the copper or carbon plate is 
charged with positive electricity. (See Llectrostatic Series.) 


_According to the single fluid theory positive electrification con- 
sists in a surplus of electricity. : 


Post Office. adj. Many pieces of electric apparatus of English 


manufacture are thus qualified, indicating that they are of the 
pattern of the apparatus used by the British Post Office in its tele- 
graph department. 


Potential. Potential in general may be treated as an attribute of 
a point in space, and may express the potential energy which a 
unit mass would have if placed at that point. 


This conception of potential is that of a property attribu 
a point in space, such that if a unit rides Were niaeea mene ie 
forces acting upon it would supply the force factor of energy 
while the body would supply the mass factor. This property is 
expressible in units, which produce, if the supposed mass is a unit 
mass, units of work or energy, but potential itself is neither. 


Thus taking gravitation, a pound mass on the surface of the 
earth (assuming it to be a sphere of 4,000 miles radius) would 
require the expenditure of 21,120,000 foot pounds to remove it to 
an infinite distance against gravity. The potential of a point in 
space upon the surface of the earth is therefore negative and is 
represented by — 21,120,000 X 32.2 foot poundals (32.2 = accelera- : 
tion of gravity). (See Poundal.) In practice and conventionally 
all points on the earth’s surface are taken as of zero potential. 


Potential, Absolute. The absolute electrical potential at a 
point possesses a numerical value and measures the tendency 
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which the existing electric forces would have to drive an electrified 
particle away from or prevent its approach to the point, if such a 


particle, one unit in quantity, were brought up to or were situated 


at that point. It is numerically equal to the number of ergs of 
work which must be done to bring a positive unit of electricity 
from a region where there is absolutely no electric force up to the 
point in question. (Daniell.) Two suppositions are included in 
this. The region where there is an electric force has to be and only 
can be at an infinite distance from all electrified bodies. The 
moving of the particle must take place without any effect upon the 
distribution of electricity on other particles. 


Potential, Constant. Unchanging potential or potential dif- 
ference. 

The ordinary system of incandescent lighting is a constant poten- 
tial system, an unvarying potential difference being maintained 
between the two leads, and the current varying according to 
requirements. 


Potential Difference, Electric. If of any two points the 
absolute potentials are determined, the difference between such two 
expresses the potential difference. Numerically it expresses the 
quantity of work which must be done to remove a unit of electric- 
ity from one to the other against electric repulsion, or the energy 
which would be accumulated in moving it the other way. 


A positively charged particle is driven towards the point of lower 
potential. A negatively charged body is driven in the reverse 
direction. 


Potential Difference, Electro-motive. A difference of poten- 
tial in a circuit, or in part of a circuit, which difference produces or 
is capable of producing a current, or is due to the flow of such 
current. | 


It may be expressed as the fall in potential or the electro-motive 
force included between any two points on a circuit. The current 
in an active circuit is due to the total electro-motive force in the 
circuit. ‘This is distributed through the circuit in proportion to 
the resistance of its parts. Owing to the distribution of electro-motive 
force throughouta circuit including the generator, the terminals of a 
generator on closed circuit may show a difference of potential far 
lowet than the electro-motive force of the generator on closed 
circuit. Hence potential difference in such a case has been termed 
available electro-motive force. 3 


Potential, Electric Absolute. The mathematical expression of 
a property of a point in space, measuring the tendency which 
existing electric forces would have to drive an electrified unit par- 
ticle away from or prevent its approach to the point in question, 
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according to whether the point was situated at or was at a distance - 


from the point in question. 
Potential is not the power of doing work, although, -as it is 


expressed always with reference to a unit body, it is numerically. 


equal to the number of ergs of work which must be done in order 
to bring a positive unit of electricity from a region where there is 
no electric force—which is a region at an infinite 
distance from all electrified bodies—up to the 
point in question. This includes the assum p- 
tion that there is no alteration in the general 


(Daniell.) 


In practice the earth is arbitrarily taken as of 
zero electric potential. 


Potential, Fall of. The change in potential 
between any two points on an active circuit. 
The change in potential due to the maintenance 
of a current through a conductor. 


‘The fall in potential multiplied by the current 
gives work or energy units. 


The fall of potential in a circuit and its subse- 
quent raising by the action of the generator is 
illustrated by the diagram of a helix. In it 
the potential fall in the outer circuit is shown 
by the descent of the helix. This represents 
at once the outer circuit and the fall of potential 
init. The vertical axis represents the portion 
of the circuit within the battery or generator in 
which the potential by the action of the genera- 
tor is again raised to its original height. 


In a circuit of even resistance the potential] 
falls evenly throughout it. 3 : 


A mechanical illustration of the relation of 
fall of potential to current is shown in the cut 
\] Hig. 269. A vertical wire is supposed to be 
fixed at its upper end and a lever arm and 
cord at its lower end, with weight and pulley 
ails 269. MecHanicaL imparts a torsional strain toit. The dials and 
LLUSTRATION OF FALL ; i ict] AG 
or PoTENTIAL anp Cun. LUdexes show a uniform twisting corresponding 
RENT STRENGTH. to fall of potential. For each unit of length 
there is a definite loss of twisting, corresponding 





to fall of potential in a unit of length of a conductor of uniform - 


resistance. The total twisting represents the total potential differ- 
ence. The weight sustained by the twisting represents the current 


maintained by the potential difference. For a shorter wire less 





distribution of electricity on neighboring bodies, ~ 
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twisting would be needed to sustain the weight, as in a shorter 
piece of the conductor less potential difference would be needed toe 


maintain the same current. 





ILLUSTRATION OF THE FALL AND REDEVELOPMENT OF POTENTIAL IN AN 


Fig: 270. 
ELeEcTrRIC CIRCUIT. 


The fall of potential in a circuit in portions of it is proportional 
to the resistance of the portions in question. This is shown in the 
diagram. ‘The narrow lines indicate high and the broad lines low 
resistance. ‘The fall in different portions is shown as proportional 
to the resistance of each portion. 


ae we awe ee 





heregth of eportion of a Creurl divided wito quarters 


Fig. 271. DriaGram or Fay or PoTENTIAL IN A ConpucTOoR oF UNEVEN 
RESISTANCE. 


Potential, Magnetic. The magnetic potential at any point of 
a magnetic field expresses the work which would be done by the 
magnetic forces of the field on a positive unit of magnetism as it 
moves from that point to an infinite distance therefrom. Thecon- 


verse applies to a negative unit. 
It is the exact analogue of absolute electric potential. 


The potential at any point due to a positive pole m at a distance 
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ris m/r,; that due to a negative pole — m at a distance 7/ is equal 
to — mr’, that due to both is equal to m/r —m/r’ or m{ — a 
; : V y/ 
Like electric potential and potential in general, magnetic po- 
tential while numerically expressing work or energy is neither, 
although often defined as such. 


Potential, Negative. The reverse of positive potential. (See 
Potential, Positive.) 


Potential, Positive. In general the higher potential. Taking 
the assumed direction of lines of force, they are assumed to be 
directed or to move from regions of positive to regions of negative 
potential. The copper or carbon plate of a voltaic battery is at 
positive potential compared to the zinc plate. 


Potential, Unit of Electric. .The arbitrary or conventional 
potential—or briefly, the potential of a point in an electric field of 
force—is, numerically, the number of ergs of work necessary to 
bring a unit of electricity up to the point in question from a region 
of nominal zero potential—z. ¢., from the surface of the earth. 
(Daniell.) This would give the erg as the unit of potential. 


Potential, Zero. ‘The potential of the earth is arbitrarily taken 
- as the zero of electric potential. 

The theoretical zero is the potential of a point infinitely distant 
from all electrified bodies. of | 


Potentiometer. An arrangement somewhat similar to the 
Wheatstone Bridge for determining potential difference, or the 
electro-motive force of a battery. In general principle connection 
is made so that the cell under trial would send a current in one 
direction through the galvanometer. Another battery is connected, 


Fics 96 


C 
D 2 
A p—t+ 2 — 34 StS. 1. 8 9 B 





Fig. 272. D1aGrRam oF POTENTIOMETER CONNECTIONS. 
and in shunt with its circuit the battery under trial and its galvan- 


ometer are connected, but so that its current isin opposition. By 
a graduated wire, like that of a meter bridge, the potential of the 
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main battery shunt can be varied until no current passes. This 
gives the outline of the method only. 

In the cut 4 B is the graduated potentiometer wire through 
which a current is passed in the direction of the arrow. is the 
battery under trial, placed in opposition to the other current, with 
a galvanometer next it. Under the conditions shown, uf the 
galvanometer showed no deflection, the HK. M. F. of the battery 


‘would be to the KB. M. F. between the ends of the potentiometer 


wire,I..... 10,as1¥% the distance between the points of con- 
nection, A and D of the battery circuit, is to 10, the full length of 
the potentiometer wire. © 


Poundal. The British unit of force; the force which acting on 
ainass of one pound for one second produces an acceleration of 
one foot. 

Power. Activity ; the rate of activity, of doing work, or of 
expending energy. The practical unit of electric power is the 
volt-aimpere or watt, equal to Io’ ergs per second. ‘The kilowatt, 
one thousand watts or volt-amperes, is a frequently adopted unit. 


Power, Electric. As energy is the capacity for doing work, 
electric energy is represented by electricity in motion against a 
resistance. ‘This possesses a species of inertia, which gives it a 
species of kinetic energy. To producesuch motion, electro-motive 
force is required. The product of E. M. F. by quantity is therefore 
electric energy. (See Anergy, Electric.) | 

Generally the rate of energy or power is used. Its dimensions 
are M2L2/T (intensity or current rate) < M?L3/T? (electro-motive 
force or potential) =ML/?/T°, which are the dimensions of rate of 
work or activity. The practical unit of electric rate of energy or 
activity is the volt-ampere or watt. By Ohm’s law, q. v., we have 
C—=E|/R (C=current; £ = potential difference or electro-motive 
force; R =resistance.) The watt by definition—C#. By sub- 
stitution from Ohm’s formula we deduce for it the following values: 
C,R and #?/R. From these three expressions the relations of 
electric energy to E.M.F., Resistance, and Current can be deduced. 


Power of Periodic Current. Therate of energy inacircuitcarry- 
ing aperiodic current. In such a circuit the electro-motive force 
travels in advance of the current it produces on the circuit. Con- 
sequently at phases or intervals where, owing to the alternations of 
the current, the current is at zero, the electro-motive force may be 


quite high. _ At any time the energy rate is the product of the > 


electro-motive force by the amperage. To obtain the power or 
average rate of energy, the product of the maximum electro-motive 
force and maximum current must be divided by two and multiplied 
by the cosine of the angle of lag, which is the angle expressing 
the difference of phase. . | 
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Pressel. A press-button often contained in a pear-shaped handle, 
arranged for attachment to the end of a flexible conductor, so as to 
hang thereby. By pressing the button a bell may be rung, ora 
distant lamp may be lighted. 


Pressure. Force or stress exerted directly against any surface. 
Its dimensions are force/area or ML/T? + 1’= M/LI”. 


Pressure, Electric. Electro-motive force or potential differ- 
ence; voltage. Anexpression of metaphorical nature, as the term 
is not accurate. 


Pressure, Electrification by. A crystal of Iceland spar (cal- 
cium carbonate) pressed between the fingers becomes positively 
electrified and remains so for some time. Other minerals act ina 
similar way. Dissimilar substances pressed together and suddenly 
separated carry off opposite charges. This is really contact action, 
not pressure action. 

Primary. A term used to designate the inducing coil in an 
induction coil or transformer; it is probably an abbreviation for 
primary coil. | 

Primary Battery. A voltaic cell or battery generating electric 
energy by direct consumption of material, and not regenerated by 
an electrolytic process. 

The ordinary voltaic cell or galvanic battery is a primary battery. 


Prime. vd. To impart the first charge to one of the armatures 
of a Holtz or other influence machine. 





Fig. 273. Primz ConpucTor AND PRoor PLANE. 


o 


Prime Conductor. A metal or metal coated sphere or cylinder 





STANDARD ELECTRICAL DICTIONARY. 435 


or other solid with rounded ends mounted on insulating supports 


and used to collect electricity as generated by a frictional electric 


machine. 


According to whether the prime conductor or the cushions are 
grounded positive or negative electricity is taken from the un- 
grounded part. Generally the cushions are grounded, and the prime 
conductor yields positive electricity. | 


Probe, Electric. A surgeon’s probe, designed to indicate by 
the closing of an electric circuit the presence of a bullet or metallic 
body inthe body ofa patient. : 


Two insulated wires are carried to the end where their ends are 
exposed, still insulated from each other. In probing a wound for 
a bullet if the two ends touch it the circuit is closed and a bell 
rings. Ifa bone is touched no such effect is produced. The wires 
are in circuit with an electric bell and battery. 


Projecting Power of a Magnet. The power of projecting its © 
lines of force straight out from the poles. This is really a matter 
of magnetic power, ratherthan of shape of the magnet. In electro- 
magnets the custom was followed by making them long to get this 
effect. Such length was really useful in the regard of gettin 
room for a sufficient number of ampere turns. 


_ Prony Brake. A device for measuring the power applied to a 
rotating shaft. It consists of a clamping device to be applied more 
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Fig. 274. Prony BRAKE. 


ot less rigidly to the shaft or to a pulley upon it. To the clamp 
is attached a lever carrying a weight. The cut shows a simple 
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arrangement, the shaft A carries a pulley & to which the clamp 
B' B is applied. The nuts C1 C? are used for adjustment. A 
weight is placed in the pan & attached to the end of the lever D. 
The weight and clamp are so adjusted that the lever shall stand 
horizontally asshown by the index #. If we call 7 the radius of the 
pulley and / the friction between its surface and the clamp, it is 
evident that 7 /, the moment of resistance to the motion of the 
pulley, is equal to the weight multiplied by its lever arm or to 
W RB, where W indicates the weight and / the distance of its 
point of application from the centre‘of the pulley ory / — Rk W. 
The work represented by this friction is equal to the distance 
traveled by the surface of the wheel multiplied by the frictional 
resistance, or is 277m F, in which 2 is the number of turns 
per minute. But this isequaltozmna RW. These data being 
known, the power is directly calculated therefrom in terms of 
weight and feet per minute. 


Proof-plane. A small conductor, usually disc shaped, carried 
at the end of an insulating handle. It is used to collect electricity 


by contact, from objects electrostatically charged. The charge it — 


has received is then measured (see Zorston Balance) or otherwise 
tested. (See Prime Conductor.) 


Proof-sphere. A small sphere, coated with gold-leaf or other 
conductor, and mounted.on an insulated handle. Itis used instead 
of a proof-plane, for testing bodies whose curvature 1s small. 

































































































































































































































































Fig. 275. Box BRIDGE. 


Proportionate Arms. In general terms the arms of a Wheat- 
stone bridge whose proportion has to be known to complete the 
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measurement. There isa differentsystem of naming them. Some 
designate by this title the two arms in parallel with each other 
branching at and running from one end of the bridge to the two 
galvanometer connections. In the cut of the Box Bridge, 4 C and 
A B are the proportionate arms. The third arm is then termed the 
Rheostat arm. (Stewart & Gee.) 


Others treat as proportionate arms the two side members of the 
bridge in parallel with the unknown resistance and third or rheo- 
stat arm. : 


Synonym—Ratio Arms. | 


Prostration, Electric. ‘Too great exposure to the voltaic arc in 
its more powerful forms causes symptoms resembling those of sun- 
stroke. The skin is sometimes affected to such a degree as to. 
come off after a few days. The throat, forehead and face suffer 
pains and the eyes are irritated. These effects only follow expos- 
ure to-very intense sources of light, or for very long times. 


Protector, Comb. A lightning arrester, q. v., comprising two 


- toothed plates nearly touching each other. - 


Protector, Electric. A protective device for guarding the human 
body against destructive or injurious electric shocks. In one 
system, Delany’s, the wrists and ankles are encircled by conducting 
bands which by wires running along the arms, back and legs are 
connected. A discharge it is assumed received by the hands will 
thus be short circuited around the body and its vital organs. India 
rubber gloves and shoe soles have also been suggested ; the gloves 
are still used to some extent. fe | 


Pull. Aswitch for closing a circuit when pulled. It is used 
instead of a push button, q. v., in exposed situations, as its contacts 
are better protected than those of the ordinary push button. 


Pump, Geissler. A form of mercurial air pump. It is used 


_ for exhausting Geissler tubes, incandescent lamp bulbs and similar 


purposes. 


Referring to the cut, 4 isa reservoir of mercury with flexible 
tube C connected toa tube at its bottom, and raised and lowered 
by a windlass 4, the cord from which passes over a pulley a. When 
raised the mercury tends to enter the chamber Z, through the tube 
7. An arrangement of stopcocks surmounts this chamber, which 
arrangement is shown on a larger scale in the three figures X, Y 
and Z. ‘To fillthe bulb 2, the cocks are set in the position Z; 
is a two way cock and while it permits the escape of air below, it 
cuts off the tube, rising vertically from it. This tube, d in the full 
figure connects with a vessel 0, pressure gauge fp, and tube ¢, the 
latter connecting with the object to be exhausted. The bulb B 
being filled, the cock 7 is closed, giving the position Y and the 
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effected by a mechanical pump. By closing the cock on the outlet 
tube c but little air need ever find its way to the chambers o and B. 


Pumping. In incandescent lamps a periodical recurring change 
in intensity due to bad running of the dynamos, or in arc lamps to 
bad feeding’ of the carbons. 


vessel 4 is lowered until it is over 30 inches below 4. This 
establishes a Torricellian vacuum in B. The cock 2 is: now 
turned, giving the position X, when air is at’ once exhausted 
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: Fig. 276. GEISSLER AIR Pump. | i Fig. 277. SPRENGEL AIR Pump. 
from the vessel connected to C. ‘This process is repeated until full ee - Pump, Sprengel. A form of mercurial air pump. A simple 


exhaustion is obtained. In practice the first exhaustion is often form is shown in the cut. Mercury is caused to flow from the 
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funnel 4, through cd toa vessel B. A side connection * leads 
to the vessel /e to be exhausted. As the mercury passes x it breaks 
into short columns, and carries air down between them, in this way 
exhausting the vessel A. In practice it is more complicated. It is 
said to give a better vacuum than the Sprengel pump, but to be 
slower in action. 


Pump, Swinburne. A form of mechanical air pump for 

Fic. 272 exhausting incandescent lamp bulbs. 
Referring to the cut, 4 is a bulb on the 
upper part of a tube G; above 4 are 
two other bulbs C and Y. From the 
upper end a tube runs to the bulb Z. 
Through the cock Z, and tube /'con- 
nection is made with a mechanical air- 


chamber /, and by the tube / connects 
» With the lamp bulbs or other objects to be 
{@) exhausted. Thetube G enters the bottle 
SZ 4 through an airtight stopper, through 
which a second tube with stopcock K 
passes. In use a vacuum is produced 
by the mechanical pumps, exhausting 
the lamp bulbs to a half inch and draw- 
ing up the mercury in’ G. ' The bent 
neck in the bulb #, acts with the bulb 
as a trapto exclude mercury from /. 
When the mechanical pumps have pro- 
duced a vacuum equal to one half inch 
: of mercury, the cock Z is closed and K 
; 3 is opened, and air at high pressure 





re enters. This forces the mercury up to/ 


i the vessel J, half filling it. The high 
pressure is now removed and the mer- 
| cury descends. The valve in D closes 

it as the mercury falls to the level G. 
. aT, Further air from the lamps enters 4, 
cia and by repetition of the ascent of the 
th mercury, is expelled, through D. The 
il mercury is again lowered, producing a 








Uk 


Fig: 278. further exhaustion, and the process is 
SwInBuRNE’S AIR Pump. repeated as often as necessary. 


Push-button. A switch for closing a circuit by means of pressure 
applied to a button. The button is provided with a spring, so that 
when pushed in and released it springs back. Thus the circuit is 


_———_ —______ ae 


pump. The tube / leads toa drying 
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nected to one of the wires, or by the stem of the button going 
between two springs, not in contact, forcing them a little apart to 
secure good contact, and thereby bridging over the space between 
them. 


Pyro-electricity. A phemenon by which certain minerals when 
warmed acquire electrical properties. (Ganot.) The mineral tour- 
maline exhibits it strongly. It was originally observed in this 
mineral which was found to first attract and then to repel hot ashes. 


The phemenon lasts while any change of temperature within 
certain limits is taking place. In the case of tourmaline the range 
is from about 10° C. (50° F.) to 150° C. (302° F.) . Above or below 
this range it shows no electrification. 

The effect of a changing of temperature is to develop poles, one 
positive and the other negative. As the temperature rises one end 
is positive and the other negative ; as the temperature becomes 
constant the polarity disappears ; as the temperature falls the poles 
are reversed. | 

If a piece of tourmaline excited by pyro-electricity is broken, its 
broken ends develop new poles exactly like a magnet when broken. 

The following minerals are pyro-electric : Boracite, topaz, preh- 
nite, zinc silicate, scolezite, axenite. The following compound 
substances are also so: Cane sugar, sodium-ammonium racemate 
and potassium tartrate. 

The list might be greatly extended. 

The phenomenon can be illustrated by sifting through a cotton 
sieve upon the excited crystal, a mixture of red lead and flowers of 


sulphur. By the friction of the sifting these become oppositely 


electrified; the sulphur adheres to the positively electrified end, 
and the red lead to the negatively electrifiedend. (See Analogous 
Pole—Antilogous Pole.) 


Pyromagnetic Motor. A motor driven by the alternation of 
attraction and release of an armature or other moving part, as such 
part or a section of itis rendered more or less paramagnetic by heat. 

Thus imagine a cylinder of nickel at the end of a suspension rod, 
so mounted that it can swing like a pendulum. A magnet pole is 
placed to one side to which it is attracted. A flame is placed so as 
to heat it when in contact with the magnet pole. This destroys 
its paramagnetism and it swings away from the magnet and out of 
the flame. It cools, becomes paramagnetic, and as it swings back 
is reattracted, to be again released as it gets hot enough. This 
constitutes a simple motor. : 
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closed only as long as the button is pressed. The electric connec- 


tion may be made by pressing together two flat springs, each con- 


; A rotary motor may be made on the same lines. Nickel is par- | ; 
ticularly available as losing its paramagnetic property easily. § 
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Various,motors have been constructed on this principle, but none 

have attained any practical importance. Owing to the low temper- 

5 ature at which it loses its paramag- 

netic properties nickel is the best 
metal for paramagnetic motors. 


Pyromagnetism. The development of new magnetic properties | 
or alteration of magnetic sensibility in a body by heat. Nickeland f 
iron are much affected as regards their paramagnetic power by rise ip} 
of temperature. : ri 


In Edison’s motor, between the 
pole pieces of an electro-magnet a 
cylinder made up of a bundte of 
nickel tubes is mounted, so as to be 
free to rotate. A screen is placed 
so as to close or obstruct the tubes 
farthest from the poles. On pass- 

- ing hot air or products of combus- 
tion of a fire or gas flame through 
the tubes, the unscreened ones ate 

heated most and lose their para- 
magnetism. The screened tubes 
are then attracted and the armature 
rotates, bringing other tubes under 
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Fig. ; ¥ - ; 
Eprson’s BERSHAceeric Moror. the screen, which is stationary. " 
| Then the attracted tubes are heated \ 
while the others cool, and a continuous rotation is the result. I 





Pyromagnetic Generator. A current generator producing elec- / 
tric energy directly from thermal energy by pyromagnetism. | 


Edison’s pyromagnetic generator has eight electro-magnets, : 
lying on eight radii of a circle, their poles facing inward and their 
yokes vertical. Only two are shown in the cut. On a horizontal ! 
iron discare mounted eight vertical rolls of corrugated nickel repre- 
senting armatures. On each armature a coil of wire, insulated 
from the nickel by asbestus is wound. The coils are all in series, | 
and have eight connections with a commutator as in a drum : z| 
armature. There are two main divisions to the commutator. Each ; 
connects with an insulated collecting ring, and the commutator and ) 3 
collecting rings are mounted on a spindle rotated by power. 1 Ganeeinen 
Below the circle of vertical coils is a horizontal screen, mounted on Hig. 2800 From ACNE Gee ae 














the spindle and rotating with it. . Pyrometer, Siemens’ Electric. An instrument for measuring 
A source of heat, or a coal stove is directly below the machine ; high temperatures by the variations in electric See in a 

and its hot products of combustion pass up through the coils, some i platinum wire exposed to the heat which is to be measured. 

of which are screened by the rotatingscreen. The effect is that the i ea tit 

coils are subjected to induction owing to the change in permea- Q. Symbol for electric quantity. a 

bility of the nickel cores, according as they are heated, or as they . : Quad. (a) A contraction for quadrant, used as the unit of 

cool when the screen is interposed. The two commutator seg- inductance ; the henry. | 

ments are in constant relation to the screen, and current is collected (2) A contraction for quadruplex in telegraphy. 


therefrom and by the collecting rings is taken to the outside cir-. : 
Quadrant. A length equal to an approximate earth quadrant, 











cuit. 
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equal to Io? centimeters. It has been used as t cpt 
unit of inductance, the henry, qg.v. ed as the name for the 


Synonym—Standard Quadrant. 
Quadrant, Legal. The accepted length of the quadrant ae the 


earth, 9,978 X Io°, instead of 10,000 X I0° (= 10? 
: : — 10 ° 
to 9,978 kilometers instead of 10,000 Gieneee Pees ot 


Quadrature. Waves or periodic motions the angle of lag of 


one of which, with reference to one in ad it. j 
: : van 9 
said to be in quadrature with each other. Se Ot 1 oe ate 


Qualitative. Involving the determination onl 
ot absence of a substance or condition, without Pepe ey 
Thus a compass held near a wire might determine anal 
whether a current was passing through the wire, but would not Be 
sufficient to determine its quantity. (See Quantitative.) : 


Quality of Sound. ‘The distinguishi fee 
suhis Glen Te anion (LG EU. guishing characteristic of a sound 


It is due to the presence with the main or fundamental sauna of 
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It may be defined in electrostatic or electro-magnetic terms. 
(See Quantity, Electrostatic—Quanitity, Electro=-magnetic.) 


Quantity, Electro-magnetic. Quantity is determined electro- 
magiletically by the measurement of current intensity for a second 
of tiine : its dimensions are therefore given by multiplying inten- 
tity/or current strength by time. The dimensions of intensity are 


M?/L2/T'; therefore the dimensions of electro-magnetic quantity 
are M2 12/T x T = M? L?. . | 
Quantity, Electro-magnetic, Practical Unit of. The quantity 


_of electricity passed by a unit current in unit time; the quantity 


passed by one ampere in one second ; the coulomb. 
It is equal to 3 X 10° electrostatic absolute units of quantity and 
to 1-10 of the electro-magnetic absolute unit of quantity. 


One coulomb is represented by the deposit of 
.00, 111,815 gram, Or .017,253 grain of silver, 
00,032,959 gram, or .005,804 grain of copper, 


.0,003,392. gram, Of .005,232 grain of zinc. 








If water is decomposed by a current each coulomb is represented 
by the cubic centimeters of the mixed gases (hydrogen and oxy- 
gen) given by the following formula. 

0.1738 X 76 (273 +C°) 
h X 273 
in which C° is the temperature of the mixed gases in degree 
centigrade and /# isthe pressure in centimeters of mercury column; 


other minor sounds called overtones, the fun 

vailing and the other ones being ae es oe The 

human voice is very rich in overtones ; the telephone reproduces 

these, thus giving the personal peculiarities of every voice. 
Synonym—Timbre. 3 : 


Pe se ache 


cotta nece 


Quantitative. Involving the determinati iti | 
volv tion of quant 5 
asimple test would indicate that a current was wee 


wire. This would be a qualitative test. If by j 
the exact intensity of the current was déterained i wasidtee | of BY SET SO (AoE Sis Ei ee 2) 
3 | h X 491 3 


quantitative determination. (See Qualitative.) oe pe ee Ge 
or degrees Fahrenheit and inches of barometer. 

Quantity, Electrostatic. Quantity is determined electro- 
statically by the repulsion a charge of given quantity exercises 
upon an identical charge at a known distance. ‘The force evidently 
varies with the product of the two quantities, and by the law of 
radiant forces also inversely with the square of the distance. The 
dimensions given by these considerations is Q X O/E?. = eaiseis 
the force of repulsion. The dimensions of a force are ML/T’. 
Equating these two expressions we have: 

O7/I? = ML/I? or Q = M? 12/T, which are the dimensions of 
electrostatic quantity. | 


Quantity, Meter. An electric meter for determining the quan- 
tity of electricity which passes through it, expressible in coulombs 
or ampere hours. All commercial meters are quantity meters. 


Quartz. A mineral, silica, SiO,. It has recently been used by 


Quantity. This term is used to ex 
as press arrangements C= 
trical connections for giving the largest aaantiGe of Sak — 
quantity armature, meaning one wound for low resistance. 
A battery is connected in quantity when th 1 ie 

Is are all in par- 
allel. It is the arrangement wie the 1 te a 
very small external reaisiancer™ Ee ee : 


The term is now virtually obsolete (Dani ae 
° aniell): * 5 
parallel,” or ‘‘in rete ple are 2S oe ell); ‘‘in surface,” ‘‘in 


Sct PSIG ORS NE SSIS aires oe 
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Quantity, Electric. Electricit ed as 
: ticity may be measured as if i 
a compressible gas, by determining the potential it Greauees ed 
stored in a defined recipient. In this way the conception of 
species of quantity is reached. It is also measured as the qua ae 
of current passed by a conductor. fee 

Thus a body whose surface is more or 1 i : 

is a body v less highly ch ith — 

electricity, is said to hold a greater or less qmaages of teense 


ae ooo, 
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C. V. Boys and since by others in the making of filaments fox 
torsion suspensions. The mineral is melted, while attached to an 


arrow or other projectile. It is touched to another piece of quartz — 


or some substance to which it adheres and the arrow is fired. off 
from the bow. A very fine filament of surpassingly good qualities 
for galvanometer suspension filaments is produced. 

As a dielectric it is remarkable in possessing but one-ninth the 
residual capacity of glass. 


Quicking. The amalgamating of a surface of a metallic object ° 
before silver plating. It secures better adhesion of the deposit. It 
is executed by dipping the article into a solution of a salt of mer- 
cury. Asolution of mercuric nitrate I part, in water Ioo parts, 
both by weight, is used. ah 


_R. (a) Abbreviation and symbol for Reamur, as 10° R., mean- 
ing 10° by the Reamur thermometer. (See Reamur Scale.) 
eS for resistance, as in the expression of Ohm’s Law 


_ fs (Greek r) Symbol for specific resistance. 


Racing of Motors. The rapid acceleration of speed of a motor 
when the load upon it is removed. It is quickly checked by 
counter-electro-motive force. (See Motor, Electric.) ve 


Radian. The angle whose arc is equal in length to the radius ; 
the unit angle. 2 | 


- Radiant Energy. Energy, generally existing in the luminifer- 
ous ether, kinetic and exercised in wave transmission, and ren- 
dered sensible by conversion of its energy into some other form 
of energy, such as thermal energy. 


If the ether waves are sufficiently short and not too short, they 
directly affect the optic nerve and are known as light waves; they 
may be so short as to be inappreciable by the eye, yet possess.the 
power of determining chemical change, when they are known as 
actinic waves ; they may be also so long as to be inappreciable by 
the eye, when they may be heat-producing waves, or obscure 
waves. | 

Other forms of energy may be radiant, as sound energy dispersed 
by the air, and gravitational energy, whose connection with the 
ether has not yet been demonstrated. 


Radiation. The traveling or motion of ether waves through 
space. 


Radicals. <A portion of a molecule, possessing a free bond and 
hence free to combine directly. A radical never can exist alone, 
but is only hypothetical. An atom is a simple radical, an unsatur- 
ated group of atoms is a compound radical. 
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Radiometer. An instrument consisting of four vanes poised 
on an axis so as to be free to rotate, and contained in a sealed glass 
vessel almost perfectly exhausted. The vanes of mica are black- 
ened on one side. | 

On exposure to light or a source of heat (ether waves) the vanes 
rotate. ‘The rotation is due to the beating back and forth of air 
molecules from the surface of the vanes to the inner surface of the 
glass globe. 


Radiometer, Electric. A radiometer in which the motion of 
the molecules of air necessary for rotation of the vane is produced 
by electrification and not by heating. 


Radio-micrometer. An instrument for detecting radiant energy 
of heat or.light form. It consists of a minute thermopile with its 
terminals connected by a wire, the whole suspended between the 
poles of amagnet. A minute quantity of heat produces a current 
in the thermopile circuit, which, reacted on by the field, produces 
a deflection. A convex mirror reflecting light is attached so as to 
move with the thermopile. The instrument is of extraordinary 
sensitiveness. It responds to spp) Of a degree Centigrade or 
about zy7d000 degree Fahrenheit. : | 


Radiophony. The production of sound by intermittent action 
of a beam of light upon a body. With possibly a few exceptions 
all matter may produce sound by radiophony. 


Range Finder. Anapparatus for use on shipboard to determine 
the distance of another ship or object. It. is designed for ships of 
war, to give the range of fire, so as to set the guns at the proper 
elevation. The general principle involved is the use of the length 
of the ship if possible, if not of its width, as a base line. Two tele- 
scopes are trained upon the object and kept trained continuously 


-thereon. The following describes the Fiske range finder. 


The range finder comprises two fairly powerful telescopes, each 
mounted on a standard, which can be rotated round a vertical axis, 
corresponding with the center of the large disc shown in the 
engraving. One-half of the edge of this disc is graduated to go° 
on either side of a zero point, and below the graduation is fixed a 
length of platinum silver wire. This wire only extends to a dis- 
tance of 81.1° on either side of zero, and is intended to form two 
arms of a Wheatstone bridge. Thesliding contact is carried by the 
same arm as the telescope standards, so that it moves with the tele- 
scope. The two instruments are mounted at a known distance 
apart on the ship, as shown diagrammatically in the cut. Here 4 
and & are the centers of the two discs, C and D the arms carrying 
the telescopes, and & and /the platinum silver wires. Suppose 
the one is at Z, such that 4d & 7 is aright angle, then d7=AB/ 
sin Sore or : : 








= 
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If the two sectors are coupled up as shown, witha battery h. 
and a galvanometer, by the wires, a 6 and ¢c d, then since the arn. 
¢, on being asigned on the object takes the position c’ while d 
remains at zero, the Wheatstone bridge formed by these segments 
and their connections will be out of balance, and a current will 
flow through the galyanometer, which may be so graduated as to 
give the range by direct reading, since the current through it will 
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fFig. 281. RANGE FINDER. 


increase with the angle 4 74. In general, however, the angle 
A B Twill not be aright angle, but some other angle g. In this 
cased T= A Bjsin A TB X sin A BT, and hence it will only be 
necessary to multiply the range reading on the galvanometer by 
the sine of the angle 4 & 7, which can be read directly by the 
observer at B. This multiplication is not difficult, but by suitably 
arranging his electrical appliances Lieutenant Fiske has succeeded 
in getting rid of it, so that the reading of the galvanometer always 
gives the range by direct reading, no matter what the angle at B 
may be. To explain this, consider the two telescopes shown in 
the cut in the positions Cand D; the whole current then has a 





= 
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certain resistance. Next suppose them, still remaining parallel, 

in the positions Cland D!. The total resistance of the circuit is 

now less than before, and hence if C’, one of the telescopes, is 

moved out of parallel to the other, through a certain angle, the 

current through the galvanometer will be greater than if it were 

moved through an equal angle out of a parallel when the telescopes 

were in the positions Cand). The range indicated is, therefore, 

decreased, and by properly proportioning the various parts it is” 
found that the range can always be read direct from the galvanom- 

eter, or in other words the multiplication of A B/sin d 7 Aby sin 

ABT is to all intents and purposes performed automatically. 

There is, it is true, a slight theoretical error; but by using a small 
storage battery and making the contents carefully it is said to be 

inappreciable. Each telescope is fitted with a telephone receiver 
and transmitter, so that both observers can without difficulty decide 
on what point to align their telescopes. It will be seen that it is 
necessary that the lines of sight of two telescopes shouldbe parallel 
when the galvanometer indicates nocurrent. It has been proposed 
to accomplish this by sighting both telescopes on a star near the 
horizon, which being practically an infinite distance away insures 
the parallelism of the lines of sight. | 


Rate Governor. An apparatus for securing a fixed rate of 
vibration of a vibrating reed. It is applied in simultaneous teleg- 
raphy and telephoning over one wire. The principle is that of 
the regular make and break mechanism, with the feature that the 
contact is maintained during exactly one-half of the swing of the 
reed. The contact exists during the farthest half of the swing of 
the reed away from the attracting pole. 





Fig. 282. Lancpon Davis’ Rate GOvERNOR. 


In the left hand figure of the cut, K is the key for closing th 
circuit. 4 is the base for attachment of the reed. Vis the con- 
tact-spring limited in its play to the right by the screw S. C is 
the actuating magnet. By tracing the movements of the reed, 
shown on an exaggerated scale in the three right hand figures, it 
will be seen that the reed is in electric contact with the spring 
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during about one-half its movement. The time of this connection 
is adjustable by the screw SS. 
Synonym—Langdon Davies’ Rate Governor or Phonophone, 


Ray, Electric. Raia torpedo. ‘The torpedo, a fish having the 
same power of giving electric shocks as 


(See also Animal Electricity.) 


Reaction of Dynamo, Field and 
Armature. A principle of the dynamo 
current generator, discovered by Soren 
Hjorth of Denmark. | 


When the armature is first rotated it 
moves in a field due to the residual 
magnetism of the field magnet core. This 
field is very weak, and a slight current 
only is produced. This passing in part 
or in whole through the field magnet 
cores slightly strengthens the field, whose 
increased strength reacts on the armature 
increasing its current, which again 

Biss 284. strengthens the field. In this way the 
TorPepo or Euectric Ray. cutrent very soon reaches its full strength 
as due to its speed of rotation. 


The operation is sometimes termed building up. 


Sometimes, when there is but a trace of residual magnetism, itis 
very hard to start a dynamo. 


Reading Telescope. A telescope for reading the deflections of 
a reflecting galvanometer. 

A long horizontal scale is mounted at a distance from the 
galvanometer and directly below or above the centre of the scale a 
telescope is mounted. ‘The telescope is so directed that the mirror 
of the galvanometer is in its field of view, and the relative posi- 
tions of mirror, scale and telescope are such that the image of the 
scale in the galvanometer mirror is seen by the observer looking 
through the telescope. 

Under these conditions it is obvious that the graduation of the 
scale reflected by the mirror corresponds to the deflection of the 
galvanometer needle. 

The scale may be straight or curved, with the galvanometer in 
the latter case, at its centre of curvature. 





- Reamur Scale. A thermometer scale in use in some countries 
cf Continental Europe. The temperature of melting ice is 0° ; the 
temperature of condensing steam is 80° ; the degrees are all equal 
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in length. For conversion to centigrade degrees multiply degrees 
Reamur by §. For conversion to Fahrenheit degrees multiply by 3? 
and add 32 if above 0° R., and if below subtract 32. Its symbol 
is R., as 10° R. | : 


Recalescence. A phenomenon occurring during the cooling of 
a mass of steel, when it suddenly emits heat and grows more 
luminous for an instant. Itisa phase of latent heat, and marks 
apparently the transition from a non-magnetizable to a magnetiz- 
able condition. | 


Receiver. In telephony and telegraphy, an instrument for 
receiving a message as distinguished from one used for sending or 
transmitting one. 

Thus the Bell telephone applied to the ear is a receiver, while 
the microphone which is spoken into or against is the transnuitter. 


Receiver, Harmonic. A receiver including an electro-magnet 


whose armature is an elastic steel reed, vibrating to a particular © 


note. Such a reed responds to a series of impulses succeeding each 
other with the exact frequency of its own natural vibrations, and 
does not respond to any other rapid series of impulses. (See Zéle- 
graph Harmonic.) 


Reciprocal. The reciprocal of a number is the quotient obtained 
by dividing one by the number. Thus the reciprocal of 8 is %. 
_ Applied to fractions the above operation is carried out by simply 
inverting the fraction. Thus the reciprocal of 3 is */; or 1%. 


Record, Telephone. Attempts have been made to produce a 
record from the vibrations of a telephone disc, which could be 
interpreted by phonograph or otherwise. 
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Fig. 284. Morsz RECORDER OR EMBOSSER. 


Recorder, Morse. A telegraphic receiving apparatus for record- 
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